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Tnis FY 1964 Annual Progress Report is a general review of the research
activities uf the U. S. Arry Medical Unit, Fort Detrick, Maryland, under
Project 1C622401A096 (formerly 1C012501A030), Medical Defunse Aspects of
Biological Warfare (U) (formerly Risk to U. 8. Armed Porces from Biological
Warfare). The project is divided into three Tasks as follows:

1C622401A095-01 - Vuinerability of Man to 3ioclogical Warfare.

1C622491A096-02 ~ Prevention and Treatment of Biological Warfare
Casualties.

1€622401A096~03 - Laboratory Identification of Biological Warfare
Agents.

Tasks Ol and 02, have Subtasks represented by contractual agreements
with industrial firms or educational institutions. Their reports are avail-
able through DDC.

Tasks are internally subdivided into Studies, identified by & fiur-~
digit suffix. The firs: two digits are sassigned as follows:

Generai -00- to -09-
Bacteria! Diseases -10- to -29-
Rickettsial Diseasus -~30-~ to -39-
Viral Diseases <40~ to -79-
Intoxications «80- to -89-
Mycotic Diseases «90- to -99-

The remaining two digits are assigned sequentially as specific studias are
made narts of the research vrogram.

When a study is completed or terminated its number ia not reassigned. -
In the Table of Contents, Studies in these categories are so designated.
COMPLETED indicates no further work is planned. TERMINATED indicates no
further work is planned until additional personnel or facilities are avail-
able,
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DAN CROZIER

Colonel, MC
Commanding

1 July 1964




A report of progress on the rasearch program of the U. S, Army Madical
Unit, Fort Detrick, Maryland, for Fiscal Year 1964 is presented,
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studied in chimpanzees using L-methionine-s35

incorporation into plasma albumin and globulin as a measure of protein
turnover. In each of 3 chimpanzees, protein turnover was measured at normal
body temperature, then during 2 pericds in which rectal temperature was
raised to 106F by externally applied heat, and the first during hyperthermia
alone and the last during infectionm with Venezuelan equine encephalomyelitis
virus. Protein breakdown was increased during hyperthermia with or without
infection. Increased protein breakdown present with fever and with infection
appear to contribute to the observed increase in nitrogen excretion in these
conditions. Certain findings suggested the concept that protein synthesis

as well as breakdown were stimulated by the presznce of virus infection,

e
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Frojoct Nc. 1C622401A096: Medical Defense Aspects of Biological Warfare (U)
Task No. 1C622401A09%6-01: Vulnerability of Man to Biological Warfare

Study No. . -00-02: The Effect of Infectious Diseaée on Protein
Metabolism -

Description:

To determine the effects of hyperthermia on protein turnover in the
chimpanzee, With the aid of S-35 lsbeled methionine, protein turnover
rates are determined at normal temperature, at hyperthermia alome (1l06F),
and with & virus agent in the presence of equal hyperthermia.

Progress:

The existing work has been prepared for publication; the paper has been
accepted for presentation at the June 1964 Army Science Conference. Physi-
cally induced hyperthermia caused a marked decrease in the uptake of
labeled wethionine into plasma globulin in 2 of 3 chimpanzees. There were
no observable changes in the uptake of methionine into albumin observed
under the conditions of the experiment, When the same degree of hyperthermia
was maintained in the presence of virus, there was an obvious increase in
prctein turnover. 1In all 3 experimental situations - control, §¥perthermil,
hyperthermia plus infection, the significant uptake of the Me-S”’ occurred
in the firat 4 hours following admiristration of the tracer. Since the
breakdown rate of tagged globulin during fever alone was the same ag _with
fever during viral infection, then the increased uptake of the Me-S$“~ in
the presence of virus appea~ed due to increased synthesis or uptake during
the infection.

Summary and Concluaions:

Protein metabolism measured by L-methionine-835 incorperation into
plasma albumin and globulin in chimpanzees has been followed in condi-
tions of normal body temperature, hyperthermia and hyperthei.nia plus
virus.

Breakdown is increased in both experimental groups over that in the
control group. It 18 concluded that this increase, caused primarily by
the fever, contributed to the previcusly observed increased nitrogen
excretions,




FTviderca supperts the concept that protein synthesis is stimulated by the
praaazce ¢f virus at a time simultaneous with that of the observed protein
breakd wa.,

Publications:
Nere.
Presentstiors:
1. Crawley, G., Gray, I., and Hildebrandt, P.: '"The Effect of Lyper-

ttermia on Proteinm Turnover in Infection." Accepted for presentation
at the Army Science Conference, June 1964,
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No work under this task was accomplished during the ropbrting veriod,
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Proejct No, 1C622401A096: Medical Defense Aspects of Biological Warfare (Uj
Task No, 1C622401A096-01: Vﬁlnertbility of Man to Biological Warfare
Study No. «00-04: Consaquencs of Selected Viral Infections in Man

Doscriztion:

To study the effects of selected virus diseases in man from & combined
¢linical and laboratory approach,

Progress
No work under this task was accomplished during the reporting period.
Summary:
No work under this task was accomplished during the reporting period.

Publications:
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_ Metabolic balance studies have been utilized to study the impact of
experimentally induced acute infection on the metabolism ot human volun-
teers, A ~onsfant liquid plus fruit diet, adequate in all basic components,
was employed with appropriate equilibration snd control collections prior
to challenge, . Chemical analyses have been complated in groups of men
exposed to an aerogol of Pasteurella tularensis, or to artificial hyper-
thermis induced by & hot humid environment and in another group by
bacterial endotoxin given intravenously. Analyses are in progress on
subjects exposed to Coxiella burnetii and in controls who received
antibiotic therapy only. During acute tularemia theie was & prolonged
cumulative loss of N, K, P, and Mg. The cumulative losses of these
intracellular elements were not repleted far into convalescence despite

the prompt use of specific antibacterial thevapy. The severity of the
disease was related to the magnitude of the loss, Artificial hyperthermia,
induced by a hot humid enviromment, produced certain changes which were
different from those seen in acute infection, but many of the observed
changes suggested that fever, per ge, was indeed a contributing Jactor

to the metabolic alterations associated with acute infection,

&




BODY OF REPORT

Project No. 1C622401A096: Medical Defense Aspects of Biological Warfare (U)
Task No. 1C622401AC96-01: Vulnerability ~f Man to Biological Warfere

Study No. -00-06: Metabolic Balance Studies in Experimenial
Human Infectious Disecase

D.scription:

To study changes in nitrogen, electrolyte and w’nersl balance in man
induced by acute experimentally induced infection (or in appropriace
control situations), and to correlate observed metabolic changes with
various clinical and laboratory features of the infection.

Progress:

The study of metabolic responses of the human host to acute in-
fection has been pursued with considerable activity. Methods of diet
preparation, specimen collection, and analysis have become well
standardized. . The laboratory personnel required to conduct these
studies have been developad with on-the-job training. In addition
to the 16 subjects exposed to Pasteurella tulsarensis who were studied
initially, other gzoups have been studied using the metaboiic balance
technique, These include 8 subjects exposed to artificial hyperthermia
to produce fever similar to that seen in tularemia, 6 subjects who
received {ntravencus bacterial endotoxin to produce fever, & subjects
exposed to Coxiella burnetii, and 8 non-exposed subjects who were
treated with antibiotics (streptomycin or tetracycline) to obtain
control data concerning the metabolic effects of therapy. Another
study involving 8 men is in progress to determine if the scurce of
dietary protein (animal 7s. vegerable) exerts an influence on the
metabolic response to acute tularemia,

Laboratory analyses have bucen completed in 3 of the above projects
and are in various stages of completion in the others. Balance data
for Na, K, Cl, Ca, PO,, Mg, and N and nitrcgenous components which
include urea, creatinine, uric acid ard alpha amino acid nitrogen have
been calculated in 16 subjects e.posed to acute tularemia.

With the onset of symptoms and fever in subjects with acute
tvlaremia there developed a loss of N, K, P, and Mg which appeared to
be due in part both to increased urinary excretion and to decreased
dietary intake, Cumulative loss of these intracellular elements per-
sisted throughout the ~course of the acute illness and recovery., There
was no repletion of these losses far into convalescence despite the
prompt use of specific streptomycin therapy. The severity of the
disease appeared related to the magnirude of loss, Extracellular
electrolytes, Na and Cl, were lost in excess during the onset cf acute
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illness, bur losses were promptly reversed by renal retention; changes in Ca
wer: only minimal., Urinary N breakdown products showed increases with illness
which varied sufficiently in the timing to give indications that changes were
taking place in the utilization of various pathways of intermediste nitrogen

metabolism.

Artificially induced hyperthermia was seen to show both similarities and
differences in the handling of minerals and electrolytes from those observed
during acute infection. These studies were conducted in conjunction with -
Major Robert J.T. Joy and Dr. Ralph Goldman of the USA Research Ivstitute
of Environmental Medicine, Natick, Massachusetts. Because of large losses
of sweat, replacad on a volume basis by water alone, dilutional clhiauges were
noted in the plasma electrolytes. Large sweat losses of Na, Cl, K, Ca, Mg
and urea contributed to negative blaances of these elements. The hot
atmogphere induced hyperventilation with resultant respiratory alkylosis of
mecdest degree., This in turn lead to an exaggerated fall in serum 2 and the
virtual disappearance of P from urine and sweat, and so prevented occurrence
of a negative P balance. Analytic procedures of studies involving endotoxin
fever, antibiotic therapy only, and Q fever are in various stages of

completion. :

Summary and Conclusions:

Metabolic balance studies have been pursued actively in groups of volun-
teers exposed to infectious agents or to varioua controlled conditions,
Extenaive chemical analyges have been completed or are in progress in
complete metabolic bhalance gtudies involving 52 individuals.

These studies are providing basic information on many metabolic changes

which accompany experimentally induced infection in humans. These same
parameters ::: being correlated with studies of adrenal function and with

various other clinical, bacteriologic and laboratory data.

Publications:

1. Beisel, William R., and Sawyer, W.C.: '"Metabolic Balance Studies
during Experimental Tularemia in Humans,” Clin Res 12: 36, 1964

(abstract).

2. Beisel, W.R., Sawyer, W.D., Brutonm, J., Gray, I., and Croziec, D.:
"The Effect of Experimentally Induced Acute Tularemia in Humans cu
Nitrogen, Mineral, and Electrolyte Metabolism and on Adrenccortical
Function.! Program of the &45th Annual Session, American College of

Physicians, p. 70, 1964 (abstract;. ?Presentad 10 April 1964,
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Studies to delineate and quantitate varicue aspects of the adrenocortical
reaponse to the stress of evxperimentally induced infection or to fchrile
gtates wer~ ~~ntinued. A total of 72 volunteers have been followed. Thesge
studies to date have anown an increasing excretion of adrenocortical ho.mones
with the onset of developing tularemia and an abrupt return tc normal after
institution of therapy. Similar changes were observed in persons subjected
to artificial hyperthermia induced physically by a hot, humid eanviromment.

It was observed in the subjects with tularemia that the degree of severity
of the clinical illness was proportional to the increase in adrenocortical
output. Changes were most marked in the 17-hydroxycorticoid fraction but
were also present within the pregnanetriol and '7-ketosteroid metabolites.
Samples from volunteers subjected to Q fever or antibiotic therapy alone

are undergoing analysis,
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Project No. 1C622401A096: Medical Defense Aspects of Biological Warfare (U)
Task No., 1C622401A096-01l: Vulnerability of Man to Biological Warfare

Study No, -00-07: Produ-<ion, Transport, and Metabolic
Degradation of Adrenocortical Hormones
in Infectious Discase

Description:

To obtain intormation on production rates, plasma transport
mechanisms, and probable qualitative and quantitative changes in the
urinary excretion of adrenocortical hormones and their metabolites’
in azsociation with acute infectious disease, with especial emphasis
on the incubation &nd prodromal pericds.

Progress:

Collections of blood and urinary steroids have been obtained during
42 studies in human subjects exposed to tularemia which included non-
immunized, sham-exposed, and immunized, and previously infected
volunteers., Quantitation of the adrenal steroid metabolites in urine
and of plasma cortisol are becing conducted in the steroid laboratories
of thr Department of Metabolism, Walter Reed Army Institute of Research.
Plasma binding is being determined in this laboratory. Arn increase in
the output of l7-hydroxycorticoids appeared to parallel the increasing
symptoms and fever of acute tularemia, but abruptly returned %o normal
following institution of streptomycin therapy. This incresse was
proportional to the extent and severity of clinical infection and
was only miauimal, short-lived, or entirely absent in the immunized
or previously infected volunteers who showed slight symptoms only.
No changes in output were noted in the 2 jham-exposed individuals,

Measurements of urinary pregnanetriols showed a tendency toward
increased excretion during the ea_.liest days of symptoms and fever
in acute tularemia. The urinary l7-ketosteroid metabolices showed a
major increase during the height of illneas which then dropped
abruptly to normal with institution of therapy. Fractionation of the
17-kelosteroid metabol.tes generally showed that a reversal of pattern
took place. Normally androsterone, etiocholanolone, and dihydroepiandro-
sterone fractiuns are excreted quantitatively in that order. With fever
due to acute tularemia the dihydroepiandrosterone fraction increased
markedly and became quantitatively greater than the cther fractions in
most subjects,

The studies of plasma cortisol and its binding during infection are
in progress. In relating the timing of adrenocortical change to those
of observed alterations in metabolic balance, especially those of




nitv-gen and electrolytes, it appeared that the {ncrease in glucocorticsid
excretion preceded major changes in nitrogen balance., It also appearsd that
glicscorzicoid excretion had normalized several days tefore a reral con-
servation of Na and Cl became maximal. Because of this latter observation,
additional studies are in progress to determine the exact time saquence of
glucocorticoid versus mineralocorticoid output,

Because of the abrupt return of excess glucocorticoid excretion to
nrrmal with the institution of therapy, a group of 8 men have been studied
during antibiotic treatment without exposure to diseased organisms. Re-
sults on these studies are pending. Another group of 8 men with fevar
induced by a hot humid environment (studied in conjunction with Major
Robert J.T. Joy and Dr. Ralph Goldman, USA Research Institute of
Enviroamental Medicine, Natick, Mass.) showed changes in hydrcxysteroid
excretion which were siwmilar in magnitude to those seen in the acutely
i1l tularemia patients, 1In this group a reversal of the usual diurnal
pattern of steroid excretion was observed. Six men receiving bacterial
endotoxir intravenously developed only short-lived mild fever and failed
to show an adrenal response as evidenced by corticoid metabolite excretion
measurements, Adrenocortical studies on 8 subjects who developed Q fever
are pending,

Summary and Conclusions:

Results to date in large numbers of human subjects exposed to infectious
ovganisms, or studied during other induced fevers, have shown that an in-
crease in adrenocorticcid output appears to begin with the onset of fever
and to disappear with the institution of therapy. Changes in the fractional
pattern of ketosterold metabolite excretion have been documented. Studies
of other infectious processes and control situations are in progress,
Patterns ¢f adrenal response can be compared temporally with various changes
in balance on nitrogen, minerals, and electrolytes, These suggest that the
considerable differentiation in the timing of glucocorticoid response from
that of the mineralocorticold response may be possgible.

Publications:
1. Beisel, Willism R., Bruton, J., and 8awyer W.D.: "Adrmmcc-*tical
Responees During Acute Tularemia Induced Experimentally in Humans,"
Clin Res 11: 401, 1963. i

2. Beisel, W.R., Sawyer, W.D., Bruton, J.,!Gray, I., and Crozier, D.:
"The Effect cf Experimentally Induced Atute Tularemia in Humans
on Nitrogen, Minesral, and Electrolyte Metabolism and on Adreno-
cortical Functinre." Program of the 45th Anruel Session, American
College of Physicians, p. 70, 1964 (abstract). Presented 10 April
1964,
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A series of experiments was conducted to evaluate the influence of total-

body x-irradiation on infection with 2 strains of Venezuelan equine encephalo-
myelitis (VEE) virus (Trinidad and its attenusted strain TC-83).

The initial experiments were designed tc attempt to establish the time
paremeters in which 200r or 500r might be expected to influence VEE infection
in mice. Mice were administered 500r over a period ranging from 8 days before
to 4 days after infection with spproximately 103 HIPLD50 Trinida? VEE, Except
for those animals irradiated 8 hours before infection, mean days of death in
remaining groups did not differ significantly from the nonirradii.ied vontrolas.
In a similar experiment with attenuated strain mice were challenged with virulent
VFE 14 days after TC-83 administration; the pattern of death varied in the
animals infected shortly before or shortly after irradiation. This resembled
the 'breakthrough’ phenomenon obgerved on tissue culture neutralization test
procedure. Maximum suppression of immunity occurred in the group irradiated
one day before infection. ’
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In similar experiments with 200r no effect of irradiation was observed.

In another study to determine whether irradiation altered the suscep-
tibility of mice to infections with VEE virus, it appeared that irradia-
tion prior to infection iuterfered with or altered the susceptibility
of the mouse to infection.

It seemed most 1ikely that the observed effect was due to altered
canacity of irradiated cells to support virus replication and, depending
on the duration of these effects, the immunological response to infection.
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Section I. The Influence of Total-body X-irradiation
on Infection with Venezuelan Equine Encephalomyelitis
Viruses .

Description:

To investigate the modifications of infectlous diseases by x-ray irradiation,

Tn study the {mmunological responses and its possible impairment when
irradiatior is combined with infection.

Progress:

In thess preliminary studies, particular emphasis was placed upon the time
intarval between radistion and infection and the effects ¢f radiation on immuno-"
iogical responses. According to previous observations, irradiation might
modify significantly che course of infectious disesses apd infection might
complicate the outcome of radiation sickness.

A series of experiments wae conducted in this laboratory to evaluate the
effect 2f x-irradiation on Venezuelan equine encephalomyalitis (VEE) infec-
tion. In these studies mice were employed to evaluate the Influence of
irradiation on infection with twe strains of VEE virus: unmodified Trinidad
strain and an attenuated strain of the same virus (TC-83). CD-1 strain,
aldino Swiss mice, 3-4 weeks of age were employed,

The unmodified Trinidad atrain is uniformly lethal for all mice given an
infacting dose, whereas its attenuated counterpart induces an inapparent
infection as well as immunity to subaequent challenge with the parent virus.
Mice recovered from infection with the attenuvated virus have withstood chal-
lerge with up to 109 MIPLDg, of unmodified virus.

X-irradiation was accomplished as a single whole-body expo~.re employing
a l MEV, 3 MA unit at a distance of 100 cm and a rate of 55r per minute.

Experimant 1 was designad to try to establish the time parameters in which
sublethal irradiation (500r) might ba expscted to influence the infection with
aither virus. Croups of mice were administered 500r over a period ranging
from 8 days befcre to 4 day- after infection with approximately 103 MIPLDg,
of Trinidad virus or 103 HI2IDsg of its attenuated strain. Table I snows
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TABLE I. EFFECT OF X-IRRADIATION (TOTAL-BODY, 500r) ON VEE INFECTED MICE.
DISTRIBUTION OF THE ANIMALS IN THE EXPERIMENTS.

VEE
GROUPS Trinidad Attenuated OTHERS
(TC-83)
I, Controls:
1. 1Irradiation alone 20
2. Trinidad alcne 20
3. Attenuated VEE alone 20
4, Unmodified 20
II, Irradiation + Infection 20 20 N
(Simultaneously)
II1I, Infection before Irradiation:
1. - 8 hr. 20 20
2, -1 day 20 20
3. = 2 days 20 20
4, =~ 4 days 20 20
'IV, Infection after Irradiation:
1. + 8 hr. 20 20
2., +1 day 20 20
3. + 2 days 20 20
4, + 4 days 20 20
5. + 8 days 20 20

\\ ' X o
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the distribution of the mice in the experiments and Table II {!lustrates
cumclative deaths by day most-infection and mean days of deatk. From analysis

2§ these data, it appears that 500r did not significantly change the mortality
rate of Trinidad infected mice. Except for those animals irradiated 8 hours
after infection, the mean days of deaths in remaining groups did not differ
significantly from the ron-irradiated controls. Another observation recorded

was early deaths which occurred within the -1 to +2-day groups: this was possibly
related to a shortened incubation period as seen in bacterial infections.

Additional data were obtained with attenuated strain and summarized in
Table III. Methods, procedures and distribution of the mice were the same as
in the previous experiment (Table I). Evidence of infection was based on
survival of the animals following challenge with virulent virus 14 days a‘ter
{noculation of the attenuated strain.

Table III illustrates the cumulative deaths by days post-infection with
the per cent surviving or immune. Except in the group irradiated onc day before
infection the pattern of death and/or day of first death varied from that
uscally observed with this type procedure. This was particularly true for the
-1 day and -8-hour, simsltaneous, and +8-hour groups. The pattern of death
resembled the so-called "breakthrough' phenomenon observed in: tissve culture
neutralization test procedures. This is the first time we have observed this
type response following attenuated virus and challenge procedure and will re-
quire further investigation.

Maximum suppression of immunity occurred in the group irradiated one day
before infection. However, since development of immunity is dependent upon
virus replication to produce sufficient antigenic mas: to result in imwuniza-
tion, additional studiess are indicated to deiine whether the influence 1is on
that of virus regplication or on the immune response or perhaps a combination
of the two (see experiment III).

In experiment 1] similar procedures to those just described were performed
employing 200r as the irradiation dose. The resuits may be summerizad briefly,
te wit, nc effect of irradiation was observed.
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TABLE II. PATTERN OF DEATH IN MICE ADMINISTEPED 500r X-IRRADIATION AND
INFECTED WITH TRINIDAD STRAIN VEE VIRUS

TIME OF
IRRADIATION
RELATIVE TO CUMULATIVE DEATHS BY DAY POSTINOCULATION MEAN DAY
INFECTION 3 A 5 6 7 8 9 11 OF DEATH
Controls ' 10 18 20 5.6
-4 a8/ 8 11 19 20 6.25
-2 da 3 10 20 o 6.3
-1 da 2 9 16 18 19 .0
-8 hr 2 4 9 10 20 6.7
0 . 1 2 10 20 . 5.4
b/
+8 hre 1 4 13 19 . 5.1
+1 da 5 8 18 19 C 5.4
+2 da 1 2 9 16 18 5.4
+ da 1 6 16 20 ' 6.0
48 da _ 5 9 18 19 20 6.4

a. Minus sign denotes irradiation after infection.

b. Plus sign denotes irradiation before infsction.
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TABZLE III. PATTERN OF DEATH FOLLOWING CHALLENGE OF MICE ADMINISTERED 500r
X-IRRADIATION AND INFECTED WITH ATTENUATED VEE VIRUS

TIME OF

IRRADIATION b/

RELAT{VE‘Z9 CUMULATIVE DEATHS BY DAY POSTCHALLENGE— PER CENT
INFECIIQW= 4 S5 6 7 & 9 10 11 12 13 14 15 16 IMMUNE
Controls ) ) 100
-4 aa®’ 2 90
-2 da 1 3 : 85
-1 da 2 45 3 75
-8 hr 1 3 & 6 70

0 1 2 4 6 ‘ 70
+8 het! 2 3 4 6 . 70
+1 da 1 3 8 12 13 : 30
12 da , 1 2 3 ‘ : 85
+ da 100
+8 Ja 100

a. Infected with Ca. 103 guinea pig intraperitoneal {mmunizing doses 50

of attenuated VEE virus.

b. Challenged with Ca. 103 MIPLDgqy Trinidad strain virus 14 days after
original infection.

c. Minus denotes irradiation after infection, plus denotes re,

it i i 1| e it e o B
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A comparison of the effects of 200r and 500r on attenuated VEE virus
is presented in Figure 1. Each block represents the mortality rate of
the irradiated mice following challenge with virulent virus 14 days after
inoculatica of the attenuated strain. Five hundred roentgens appeared to
interfere with the mechanisus of defense and/or immnological responses,
whereas 200r did not. Whether this difference is related to the reported
detrimentai effect of large doses and so-called beneficial eff{ects of small
doses, is not known; further studies will be needed to elucidate this
questicn. Nontheless, this is in agreement with the findings of other
authors in bacterial infections.

Experiment ITI. Because development of immunity with the attenuated
virus is dependent on the replication of virus, it was of interest to
determine whether irradiation altered the susceptibility of mice to in-
fection with VEE virus, Mice were irradiated with 500r, 8 and 24 hours
before, simultaneously with, and 8 and 24 hours after infection with uxn-
modified Triuidad virus, The unmodified virus was titrated in serial 10-
fold dilutions in each of these groups employing 10 animels per dilution.
The results are presented in Table IVin which the LDgq in each group and
the difference in logs from the control are given.

TABLE .IV.. TITRATION OF TRINIDAD STRAIN VEE VIRUS IN X-IRRADIATED MICE

TIME OF .
IRRADIATION DIFFERENCE
REIATIVE TO VIRUSa/ FROM CONTROLS,
INFECTION TITER™ 10G 10
Controls 10.5 -

24 het/ 9.9 0.6

-8 hr 9.8 0.6
Similtaneous 9.8 0.7

+8 e’/ 9.4 1.1

+24 hr 7.4 3.1

a. Virus titer expressed as log;,/0.3 ml.

b. Minus denotes irradiatioa after. Plus denotes irradiation before.
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The virus titered 1010'3 LD5o per 0.3 ml in the control group. The
titers obtained in the controls and those animals irradiated gim:itaneously
or cfter infection did not differ significantly., 1In contraz: from the results
obtained with animals irradiated 8 ard 24 hours before iaufection it appeared
that irrediation prior to infection with VEE viruz, interferes with or
alters the susceptibility of the mouse to {:fection with this agent. These
results tend to support those obtained in the first experiment with atten-
uated virus.

It seems mezi iikely that the observed effects are due to the altered
capacity =£f irradiated cells to support virus replication and, depending
on the duration of these effects, the immunologic response to infection.
As erployed, 'virus replication” includes all phases of the cycle of virus
infection. In addition, irradiation might induce or activate nonspecific

‘humoral defense mechanisms vhich alter the infectious 1 ocess.

Experiment IV. Since a direct effect ou a cycle of virus replication
seems the most likely of the proposed explanation, studiess were initiated
to determine the effect of irradiation on virus replication.

The approach employed involved the serial sacrifice of mice irradfiated
and infected as in the previous study. Three groups of mice were used in
the initial study: those without irradiation, those irradiated simultane-
ously witk infection, and those irradiated 24 hours before infection. ThLese
groups were selected since the latter particularly showed the most mmrked
effect of irradiation on the infection.

For the purposes of estimating virus replication the liver of each mouse
was removed and titrated. The liver was selected because of its size and
sase of harvest and particularly because previous studies in our latoratory
have shown this tissue to contaip relatively tha same quantities of virus
as any other organ in mice infected with VEE virus,

The results of the titration in the three groups do not agree in total
with those just presentad (Experiment I1I). The titration in tne controls
and in the group irradiated simultaneously with infection were almost identical
with those presented in the previous experime.t. However, .u the group
i -adiated 24 hours before infection, the difference between the controls
ard this group titer although significant, was 1.5 logs as cimparcd to 3.1
logs obtained in the previous experiment. This failure to confirm the early
results may be » technical error and will require repetition and further
investigation.

Fluorescent arntibody evaluation of VEE virus:

In a few animals sacrificed moribund in the first experiment, brain
and visceral organs were frozen in liquid nitrogen for fluorescent anti-
body techniques. In addition, from experiment IV (serial sacrifice study)
representative sections of liver and the following organs were also frozen
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for virs detection by the same techniques: brain, spleen,'kianey, heart and
occasionally gonads or other tissues.

Fluorescenc particles com,.atible with VEE virus (both modified and attenu
ated) were detected in the brains, livers and spleens of both irradiated and
ron-irradiated infected mice while nune were seen in the controls. Figure 2
iilustrates these flucrescent particles in brain of a VEE infected mouse, +8

hour-group.

Summary and Conclusions:

Several experiments were conducted to study the influence of irradiation on

VEE infection and on immune responses. Mice were infected with Trinidad VEE

virus or its attenuated strain. From the anaiysis of ihe data presented in
these studies, the following conclusions are| rea. hed:

. I i

1. Irradiation influences VEE infection'as it does most bacterial infections.

2. 500r did not significantly change the mortality rate of Trinidad VEE
infected mice; a shortened incubation period for groups irradiated shortly
before and after infection was the only pertinent finding.

1
}
|
\
|
|
|

3. In mice infected with the attenuated strain and challenged 14 days
later with virulent VEE, the pattern of death varied frnm the controls and
regembled the "breakthrough' phenomenoa of neutraliration test in tissue
culture.

4. Immunity is maximally dapressed in the group irradisted one day before

infection.
‘ »

5. 500r appears to interfere witl. the {mmurological responses, whereas
200r did not significantly alter these mechanisms.

6. Irradiati:a prior to infection interferes with or alters the suscep-
tibility of tiie mouse to infection. i
1

7. The observed effects are possitly due to an altered capacity of irradi-

ated cells to support virus replization and/or immunological response to in-

fection.

8. By fluorescent antibody techniquesffluorescent particias are found in.
brain, splaen and liver of the VEE infected pre- cr post-irradiated mice. j

Publications:
None,
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FIGURE 2. BRAIN OF A PRE-IRRADIATED VEE INFECTED
MOUSE SHOWING FLUORESCENT PARTICLES
WITH FLUORESCENT ANTIBODY TECHNIQUE.
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The irradiated

aiuimais developed acute irradiation syndrome with generalized hemorrhage, and
marked depletion of lymphoid and hematopoletic organs., Mice infected with

Venezuelan equine encephalomyelitis (VEE) presented similar lesions with added

meningoencephalitis.

Irradiation combined with VEE induced widespread necrotizing hemorrhagic

lesions in most organs except brain.
perivascular cuffing or glial reaction.

these animals.

Occasionally brain showed a minimal
Thymus was maximelly depleted in

Inhibition of CNS lesions in {irradiated VEE infected mice sugg-scs a

possible blockage of immunological responses by irradiation.

R SR
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of the Organs of Pre- or Postirradiated -
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Description: . .

To investigate the modificntions of infectious diseases by x-1 - irradiation.

To study the imm:nological responses and its poasible impairment when
irradiation is combined with infection.

Progress:

From a histopathologic evaluation of the mouse organs in the presert study
and earlier reports, and a comparative study in guinea pigs (J Inf Dis 109: 62,
1961), it appears that: (&) the effects of irradiation and VEE infection are
comparable, (b) VEE virus and x-rays exert a selective uffacf‘upon the lymph-
atic organs and bone marrow, aud (c¢) both injure, incapacitate or deatroy the
lymphoid and hematopoietic cells,

5 b -

In each experimental group of the initial experiments described in the 1
Section I of this report, 3 or more mice were randomly selected for histo-
pathologic evaluation. All animsls were autopsied and representative sections ‘
of brain and visceral organs were fixed in 10% formalin, embedded in paraffin |
and stained with H & E for routine examination., In addition, specific stains
such as PAS, trichrome, and luxol fast biue in combination with crystal violet
vere employed in selected sectionms, i

For clarity this histopathologic report is divided in 3vpartn: (&)
x-1irradiation, (b) VEE infection, (c¢) VEE infection and x-irradiation comhined. i

X-irradiation alone showed in mice the classical picture of acute irradiation
syndrome characterized by hemorrhagic diathesis or extensive hemorrhage in the
organs and parrial destruction or depletion of the lymphoid and hematopoietic o .
tissues (Figures 2, 3 and 5). : ::




FIGURE |, ABS: BRAIN IN VEE-INFECTED MICE: MEMINGOENCEPHALIL
TI3 WITH EXTENSIVE PERIVASCULAR CUFFING & DIFFUSE
8LI0gI8.
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FIGURE 2, LYMPH NODES: A: X-IRRADIATIOM: DEPLETIUN OF Int
LYMPHOID ELEMENTS & DISORDER IN THE ARCMITEC-

TURAL PATTERN.
8: VEE-INFECTION: SIMILAR TO “A° SHOWING LYMPHO!D
DEPLETION & ARCHITECTURAL DISORDER.

C: VEE-IRRADIATION: GREATER DEGREE OF DEPLETION
€ MASSIVE LYMPHOIO DESTRUCTION ASSOCIATED WITH

DIFFUSE NECROSIS.




FIQURE 3. SPLEEN: A: X-IRRADIATION: LYMPHOID DEPLETION &
ARCHITECTURAL DISORDER,

B: VEE+ X-IRRADIATION: QREATER DEGREE OF
LYMPHOID DEPLETION WITH DIFFUSE MZCROSIS a
HEMORRH AGE

FIGURE 4. LIVER: POCAL HEPATITIS IN A PRE-IRRADIATED VEE-
INFECTED MOUSE.




FIGURE 8. BONE MARROW: A: X-IKRADIATION: DEPLETION OF THE
HEMATOPOIETIC ELEMENTS. -

B VEE INFECTION: DEPLETION OF THE HEMATOPOIETIC
ELEMENTS & FOCAL NETROSIS.

C: VEE+IRRADIATION: MARKED DEPLETION @& DISOR-
GANIZATION OF THE HEMATOPOCIETIC ELEMENTS WITH
DIFFUSE NECROSIS.




VEE infection created in mice a mixed syndrome (visceral and cerebral)
due to its pantroplc nature. Visceral changes were similar to irradiation
damage, i.e., depletion and partial destruction of the lymphoid and hemato-
poietic organs with focal hemorrhages and/or necroais (Figures 2-5). Brain
was invariably affected shcsing mild to marked meningoencephalitis with peri-
vascular cuffing and focal or diffuse gliosis (Figure 1).

Thymﬁs was depleted or partially destroyed. This was in contrast with
guinea pig thymus which resisted VEE infection while it was depleted by
irradiation.

VEE infection combined with irradiation, whether simultaneous or separate,
extensively destroyed the lymphoid and hematopoietic organs (Figures 2-5).
There was no significant difference between pre- or postiriadiated infection.
Widespread necrotizing hemorrhagic lesions were observed in most instances
which destroyed sensitive organs including thymus. In some animals, however,
a generalirzed hemorrhagic diathesis dominated the picture.

Although thymus was maximally destroyed by this combination, brain was
much less if at all damaged. There appeared to be a predilection for the
visceral organs with exclusion of an effect on the CNS. Irradiation seemed
to disorganize the pantropism of VEE virus by inhibiting its so-called
neurotropism, This finding suggests a possible block of immunological
responses by irradiation end supports the data presented by Berge et al.
(J Immunol 87:509, 1961) in modification of CNS reeponse to VEE by immune
serum. These authors attributed the histologic variation of CNS to inter-
action between VEE viral antigen and antibody. Our finding also confirms
the data presented in Section I of this report and those reported in the
literature relative to the interference of irradiation on immnological
responses. :

Summary and Conclusions:

1. As reported previously in guinea pigs, the comparable detrimental
effect of VEE infection and irradiation on lymphoid and hematopoletic organs
in mice {s confirmed.

2. Both viscerotropism and neurotropism are present in VEF-infected
nonirradiated animals. This confirmes the pantropism of VEZ virus.

3. Irradiation appears to inhibit the neurotropism of VEE virus. poasibly
by blocking the immunological responses.

4. Irradiation combined with VEE creates a wide}pread necrotizing
hemorrhagic lesion in some animals and hemorrhagic diathesis in others.

5. 1In contrast with guinea pigs thymus is affecred in VEE-infected mice,
Publications:

None.
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Project No. 1C622401A096: Medical Defense Aspects of Biological Warfare (U)
Task No, 1C6224C1A096-01: Vulnerability of Man to Biological Warfarse

Study No. =10-01: Quantitation of Human Susceptibility to Infection

With Aged Asrosols of Pasteurslla Tularensis

Desc rigt ion:

To determine the infectivity of aged serosols of P, tularensis for
sxperimental animals and ultimately man, 7 =

Progress:

No sdditional studies have besn parformed during the reporting period.
.One further study is planned, however,‘for May 1964, The previous dsta are
being summarized and a manuscript is in preparation.
Sumaary:

No additional studies have been perforved during the reporting period.
One further study is planned, howsver, for May 1964, The previous dsta are
being summarized and a& msnuscript is in preparation, )
Publications:

None
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Groups of young guinea pigs were infected with Venezuelan equine encephalo-
myelitis virus (boch Trinidad and attenusted straing), tularemia or anthrax
organisms and serially sacrificed. By a series of specific stains, histo-
chemistry of liver ceils was investigated in these animals. In the sections
stained with Pyronin G or tetrazo method for protein, many liver cells in the
infected animals were pyroninophilic and contained fat pariicles as early
18 day 1 postinfection. Contrnls did not show any significant modificatioms.

Histochemistry of liver cells in virus- and bacteiria-infected guinea pigs
showed that the degenerative changes were associasted with the variations of
lipid and protein content of the hepatic cells.

ErEpy reswmepgp—
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Description:

T study the pathogenesis in guinea pigs of infecrion with Bacillus
anthracig.

Progress:

When hepatic cells are injured by infectious processes a series of
importsnt histophysiopathologic changes occur in liver, some of which are
demonstrable with the microscope.

It was important to establish if these changes are puraly degenerative
or associated with the variations of lipid and protein content of the hepatic
cells.

The previous study (FY 1963 Annual Report) dealt with degenerative
processes and disturbance of fat metabolism in bacterial infecticns.

in this report the emphasis is placed upon the histochemistry of itiver
cells in virus- and bacteria-infected guinea pigs.

Employing meterials and methods previocusly described, 180 young guinea
pigs, Hartley strain, weighing 400 gm on the average, were 2xposed to various
infectious agents. Table I shows the distribution, dose and nature of
infectious agents and routes of administratlcn. ‘

(i

Two to 4 animeals from each group were sacrificed daily for 5 days, and
representative seztions of each group were fixed for histcpathologic evaluation.
Both frozen and paraffin-embedded bections were prepared fiom fcrmalin-fixed
liver sectior~. Hematoxylin zad EBBIn (H &% E) stain wag used for rsutine
histologic evaluation. The following stains were used for specific purposes:
Periodic Acid Schiff with and without diastase digestion, Pyronin G, tetrazo
mechod for protein, Brown and Brenn for bacieria, 0Ll red 0 and Sudan black

B for lipids.

Liver plays a predominant role in carbohydrate metabolism, as well as
a central role in the metabolism of neutval fats, phospholipids and choles-
terol. In the present study by histoche~"cal resccious, the morphological
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variations of protein, phosphrlipids and neutral fats were investigated.

Varying degrees of damage to hepatic cells were observed in all experi-
mental groups during the 5 dayc of the study. In addition, the variations
of protein and phospholipids in hepatic cells and Jisturbance of fat metabolism
engendered by infectious disecases were present in both virus- and bacteria-
infected groups.

In the sections stained with Pyronin G or tetrazo method, many liver cells
in the infected animals were pyroninophilic and contained fat particles as
early as Jday one,

Histochemistry of liver cells in virus- and bacteria-infected guinei
pigs showed that the degenerative changes are closely associated with the
variations of protein and lipid content of the hepatic cells.

TABLE I. DISTRIBUTION OF GUINEA PIGS, INFECTIOUS AGENT AND ROUTES OF
: INOCULATION (30 ANIMALS PER GROUP),

. INFECTIOUS . RUTE OF
GROUP AGENTS DOSE ADMINISTRATIUN
Gen, Name Strain
a/
1 VEE Trinidad 103GPIPID50 Intraperitoneal
II VEE Attenuated .
(TC-82) 103GPIPIDSO Intraperitoneal

111 B. anthracis VI1b-189 5 x 103 spores Subcutaneous

v B. anthracis V1b-189 5 x 104 spores Respiratory

v P. tularensis SCHU-S4 20 cells Subcutaneous

VI * None None ' None None

a. Venezuelan equine encephalomyelitis virus.

Summary:

Guinea pigs were infected with Venezuelan equine encephalomyelitis virus,
B. anthracis spores or P. tularensis bacilli and rerially sacrificed.

Specific stains such as Pyronin G or tetrazo method for protein showed
that many iiver cells in the infected animals were pyroninophilic and con-
tained fat particles.

=
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Histochemistry of liver cells in virus- and bacteria-infected guinea ‘ R
pigs showed chat the degenerative processes were associated with the : i G
variations of protein and lipid.
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No additional studies have been performed during the reporting period
and none are planned for the immediate future. A manuscript is ia preparation,
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Study No. «20-02: The Effect of Egg Yolk and Various Phosphatides
Upon the Susceptibility of the Rat to Anthrax

Descrigtion:

To study the effect of egg yolk and phospholipids as suspending menstrua
for spores on the susceptibility ¢’ rats to B, anthracis infection,

Progress:

No additional studies have been performed during the reporting period
and none are planned for the immediate future, A manuscript is in preparation.

Su-na:z:

No sdditionsl studies have been performed during the reporting period
and none are planned for the immediate future., A manuscript is in preparation.

Publigg;ions:

None
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of this unit, no further work was carried out during this fiscal yeer,
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Study No. -20-03: The Effect of Protein Deficiency Upon the
: Susceptibility of the Rat to Anthrax

Degcription:

To fcmonstrate the effect of specific amino acid deficiency on the
resistance of the rat to Bacillus anthracis infection,

Progress:

Because of the transfer of personnel to higher priority projects and
out of this unit, no further work was carried out during this fiscal year.

Publication:

1. Gray, I.: "The Effect of Protein Nutrition on Leukocyte Mobili-
zation," Proc Soc Exp Biol Med; accepted for publication 1964,

Pregsentations:
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Because of higher priority work, there is no progress to report.




BODY OF REPORT

Project No. 1C627401A096: ifedical Defense Aspects of Biological Warfare (J)
Task No. 1C6224/:1A096-01: Vulnerability of Man to Biological Warfare
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Description:

To determine whether anthrax or toxin affects cellular metaboliism and
whether specific organs are affected.

Progress:

Because'of higher priori yfwork, there is no progress to report.
\ .

i

Summary and Conclusions:

None.
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The objective of characterizing the bioclogically active metabolites of
Bacillus anthracis requires that metabolites retain activity during any
neccssary concentration procedures, Concentration by ultrafiltration has
proven to be most satisfactory., It allows virtually complete recovery of
toxic activity simultaneous with removal of extraneous material that would
interfere with analytic ¢ jervationm in tggaultracentrifuge. Four sedimenting
components are regularly observed with $%; of about 2,58, 58, l4s, and 19s.
The 2.58 and 58 components are generally present in higi: and equal amounts.
The faster pair are present in appreciable amounts on‘y in very concentrated
preparations and appear to be aggregates. The 2,58 component, never previously
described, may be the primary toxic material.
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Study No. - -20-05: Biophysical Studdes of Bacillus anthrecis
and its Metabolites.

Description:

To characterize those macromolecules derived from Bacillus anthracis
which have biological activity, such as those with lethal action or those
which induce edema production, and to study such physical features of the
rrganism which may have a bearing on the pathogenesis of the organism.

Progress:

In the 1963 report preliminary results were described concerning the
effort to isolate and characterize anthrax toxin by methods which would
minimize creation of artifacts. Work by others (Stanley & Smith: J Gen
Microbiol 26: 49, 1961 and Smith & Stanley: J Gen Microbiol 2§: 517,
1962) had indica:ed that the toxin consisted of 3 components, demonstrable
after glass filtration of culture fluids. A "factor I," eluted from the
filter by 0.3M, pP 9.7 bicarbonace buffer, had a high titer of guinea
pig skin edema activity when recombined with filtrate which contained
"factor II," or protective antigen. A "factor II1I," which could be
found both in the filtrate and eluted from the filter was lethal for
mice wien recombined with factor II. The ylelds of factors I and III
were extremely low and it seemed possihle that glasr filtration wight
have altered and destroyed much of the toxin,

The attempts to concentrate the toxin by dialysis against carbowax
or to lyophilize it have been described. Activity of the lyophilized
toxins was too low to be useful, The activity of carbowaxed toxin was
high but small molecular weight components of the carbowax diffused
through the dialysis tubing making the toxin prepasations viscous and
prevented optical observation of slowly sedimenting material. However,
with a separation cell, it was fouad tl .t the toxic activity sedimontad
no faster than the protective antigen com ovnent, whereas factors I and
III are reportel to sediment much faster.

Since the carbaowax experiments showed that the toxin could be re-
tained by dialysis tubing, ultrafiltration was employed to concentrate
the toxin. All the data reported below are for toxin concentrated by
ultrafiltration. The ultrafiltration technique, introduced by H.
Tresselt, has been worked out in detail by A. Gaspar (Bacterioclogy
Division, USAMU) and will be reported elsewhere in this Annual Report.




The first preparations were concentrated almost to dryness, with volume
decreased 2000~ to 7000-fold. The appearance of all the preparations in
the analytical ultracentrifuge was qualitatively alike but veried quanti-
tatively, Four sharply defined components, varyin&ogn amount, were always
visible opticaliy, with sedime: tation constants, Sy , of about 2,58, 5.0s,
14.08, and 19,08, The 2 fastest components probably correspond to factors
I and III and the 5.08 to protective antigen. The 2.58 component has not
been reported before. Lately preparations have been cuncentrated only
200~ to 800-fold and back-washed from the tubing walls by allowing the
tubing to soak in buffer solution prior to harvest. Much higher and more
consistant ylelds of toxic activiry (at least 50% of theoretical) have
resulted and the sedimentation patterns huave been quantitatively reproducible.
With this material, the 2 slowesti components occur in substantial and about
equal amounts and the 2 fast components occur in amounts only barely visible
ontically. Therefore, it scems likely that the 1l4s and 198 components are
aggregates cf the 2 slower components. So far all preparations having
high concentrationa of 198 have had low concentrations of 5s, suggesting
that 19s may be un aggregate of protective antigen. However, these relation-
ships may have been fortuitous since material had been lost by adsorption
on the dialysis tubing. If the l4s and 198 components ariss from aggregations
of the 2.58 and 58 components, they must either contain about 13 and 8 sub-
units respectively®, or the sub-units must be folded more compactly in the
aggregate, Folding seems the more plausible hypothesls, since intermediate
size aggregates have never been observed. Alan as indicated below, toxic
activity surviving glass filtration is probably in an aggregated form.

.Sedimeutation data obtainsd with a separation cell (Yphantis &Waugh: J
Phys Chem 60: 623 and 630, 1956) is given in Table I. It can be seen that
in the absence of appreciable amounts of the 1l4s and 198 componencs, toxic
activity migrates at a rate most similar to the 2.58 component. The data
also indi-ztes clearly that the l4s component carries toxic activity. It
is, however, less clear whether the 195 component is toxic.

*For spheres S/S_ = (E;_) 2/3 whera M is the moleculsr weight of the sub-units
in tte aggregate. .
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TABLE I. CENTRIFUGATION DATA WITH SEPARATION CELL
ULTRAFILTRATE CALCULATED OBSERVED gyTIVITY ESTIMATED
RESIDUE (UFR) FRACT{?N E LEFT= CONCENTRATIONS/
Conec, x crude LEFT= Time to death (Fischer rats)
toxin by vol. Q; 5 Q5. | Control Centrifuged 2.5 58 l4s 19s
a  2000X 0.88 0,77 102 (10X) 84(10X) vh vh vl 1 g
% 2000X 0.86 0.74 57 97 h h m 1
b glass filt. |
100X 0.83 0.67 ; 52(10X) >97(.0X) - - - -
¢ 7000X 1
Sephadex |
lyophilized - !
7000X 0.86 0,74 125(5X) 3/3 lived (5X) vh vi 1 m ‘
| - | .
| d  2300X 0.86 0.74 = B83(23X)  268(70X) vh 1 o v
o R } . .
}%’ e 1200% 0.88 0.77  101(60X) 2/3 lived (60X) vh 1 1 wvh
£ 1200% 0.85 0.70  84(60X)  169(60%) h 1 1 n
g 300X 0.82 0.67 87 98 m m vl vl
h 900X 0.85 0.71 87 154 h h w1
g+h 6 days 4° 0.84 0.70 76(5X) 75(5%) m o@m 1 vl e
gth 6 daya 4°; — —
0.1M versene 0,82 0.65 $9(5X) 67(5X) m m vl vl i
s g‘;—h 5 days 4°; _ — i
10-3 mg** 0.83 0.67 71(5X) 72(5%) m = 1 vl !
— — — I
i 1000X 0.83 0.67 58(5X), 206(1X)81(2.5X) n h 1 vl i
‘ i
, i  Sephadex - _ g
‘( 200X 0.78 0.59 76(5X) 92(5X) - - - = {
3 esox 0.78 0.59 95(2x)  115(2X) vh' vh 1 vl ,
‘ '
} = Sephadex —_— R S
UFR - 700X 0,79 0,59 122 (2X) 130(2X) m m - -
a. Qy4 and Qg were 0.
b, Values with bar = averages for 3 rats, Concentration in ( ); when not .
stated = 1X. Typical dilution curve for crude toxin * 67(1X); 89(0.5X); .

149(0,25%X) .

¢. Based on areas under schlieren curves from photographs taken during the
separation cell centrifugation,
h « high; m = medium; 1 -‘lcw; v = very,

|
'




The question remains whether both slow components are required for toxic
action. Two components are required for toxic sction in mice for prepara-
tions fractionated by glass filtration. However, suggestive evidence of
damage to the 2,58 component has been obtained using preparations of glass

"filtered crude toxin. In the ~iltrates, concentrated by ammonium sulfate pre-
cipitation, the originally sharp 2.58 boundary became diffuse with much
material sedimenting very slowly. By contrast the 58 boundary remainad
sharp. In a pH 9.7 sodium bicarbonate extract of the filter a similarly
diffuse 2.58 component was found. It is intended to 8seek means other
than glass filtration for separating the 2.58 and 5.0s componeats.

Possibly they can be isolated by density gradient centrifugation.

Summary and Conclusions:

Highly active preparationg goncentrated by ultrafiltration contain 4
sedimenting coaoponents with 528'0f about 2.58, 58, l4s, and 198. The
l4s and 198 ccmpunents appear to be aggregates, possibly of the 2,58 and
58 components respectively, The 2.58 and 58 components are present in
high and equal concentrations, The 5s component is probably the well
known protective antigen. The 2,58 component has not been described before.
Earlier procedures for producing the nontoxic fraction, protective antigen,
regularly had a glass filtration step which may damage the 2.5s component.,
Results with a separation cell so far suggest that the 2.58 component may
be the true toxin but unambiguous conclusions about the roles of the 2.5s
and 58 components must await their isolation.

Publications:
None.
Presentationa:

Noue.,
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Because of transfer of personnel and equipment to a higher priority study,
this study has been held in abeyance.
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Description:

To investigate the energy metaboliam of auimals that have been
infected with Venezuelan equine encephalomyelitis.

Progresa:

Because of transfer of personnel and equipment to a higher priority
study, this study has been held in abeyance, -
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The effects of in vivo Venezuelan equine eucephalomyelitis virus infection
upon in vitxo protein synthesis by host cell fractions has been studied. An
improved system for this study of in vitro protein biosynthesis has been
developed utilizing the ability of microsome and enzyme cell frsctions to
incorporate L-Leucine-Cl4 into proteir &s a measure of the host cell's
ability to synthesize protein. No clear difference in in vitro protein
biosyntheeia is observed between infected and uninfected mouse brain
microsome and enzyme preparations.
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Description:

To demonstrate the effect of Venezuelan equine encephalomyelitis
virus upon hcst cell protein synthesis,

Progress:

Brain and liver tissues from uninferted mice and those infected with
Venezuelan equine encephalumyelitis (VEE) have been humogenized, and
cell microsomes and soluble RNA and enzymes have been obtained by the
use of preparative ultracentrifugation. An in vitro cell-free incubation
system has been made containing an ATP regenerz ting system, GIP, MgCly, an
amino acid mixture containing 18 amino acids but excluding L-Leucine,
L-Leucine-Cl4, and enzymes precipitable at pH 5.2, The Mg concentration
in the media used during the harvesting and storaze of the cell microsome
and enzyme fractions has been showa to be very important in the ability of
these fractions to effect in vitro protein biosynthesis. The requirements
for ~ptimal L-Leucine-Cl4 incorporation into protein synthesized with
mouse brain microsomes are remarkably similar to those previously shown by
other workers with liver microsomes.

Preliminary work in this laboratory (Gray and French) indicated that
a marked increase in in vitro protein synthesis occurs in brain micro-
somes obtained from mice sacrificed 2 to 3 days subsequent to infection
with VEE. Results obtained in the same manner, but using the improved
incorporation system end carefully controlled Mg ion concentrations
have shown that no significant change in L-Leucine-Cl4 ipcoryoration
into protein occurs in brain micrcsomes during the course of VEE virus
infection when ccmpared to controls. High virus titers coasistently
have been shown to be present in the tissues studied. Further work is
being done using infected mouse liver microsomes to study the effects
of VEE virus infection upon protein synthesis,

Current efforts are being directed toward relating the results ob-
tained through L-Leucine-Cl4 incorporation studies with the physical
characteristics of the microsomes. This work is being done in
conjunction with Dr. Anne Buzzell, Sodium deoxycholate conversior of
brain and liver microsomes hag led to the isolation-of ribosomes
(ribonucleoprotein) which have been shown to exhibit in vitro protein
synthesis, Preliminary sucrose density gradient ultracentrifugation
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work has shown that the ribosomes obtained can be separated into fractions of
different molecular weights. Physical changes ia ribosomal appearance in VEE
virus infection will be correlated with the protein synthetic ability of the
microsomes from which they were deriveu. Electron microscopic studies of the
isoleted ribosomal material ha. been done, Attempts to relatc VEE virus
titers to the distribution of “he virus in the mouse liver are being carried
out by electron microscopic techniques.

Summary and Conclusions:

Improved in vitro cell-free protein synthesizing systems have been pre-
pared from both mouse brain and liver tissues. These systems have been
used to study the effect of VEE virus infection upon protein biosynthesis.
Cell microsome and enzyme fractions from both infected and uninfected mouse
brain ave shown no clear differences in in vitro biosynthesis. Biophysical
studie:s have been initiated to study the 2ffects of VEE virus infection
upon cell ribosomal material and to demonstrate the distribution of VEE
virus in liver tissue.

Publications:
None.
Presentations:

None.
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In order to determine if physical or chemical properties of the at-
tenuated strain of Venezuelan equine encephalomyelitis virus may be related
to its decreased virulence, concentrated and highly purified stocks of
virus muet first be prepared. Initial experiments indicated that ultra-
centrifucation techniques were potentially useful in concentrating the
virus. Subsequently, experiments indicated that tissue debris, present
in considerable quantity in guinea pig heart cell tissue culture fluids,
interfered seriously with the concentration procedure used. Effort has
also been focused on developing a rapid and sensitive assay for the
virus particles. In this assay, viral particles are first concentrated
by centrifugation or millipore filtration and then transferred to an
electron microscope grid for counting. The early version of the method,
reported in 1963, has been substantially modified making it cneier, more
reliable, and potentially mich more sensitive. The possibiliry of its
uge for early diagnosis is now being investigated.




BODY OF REPORT

Project No. 1C622401A086: Medical Defense Aspects of Biological Warfare (U)

Task No. 1C622401A096-01: Vulnerability of Man to Biological Warfare

Study No. -40-03: Biophysical Studies of Venesuelan Equine
Encephalomyelitis
Section XI. Concentration of the Virus

Description:

To characterize the virus of Venezuelan equire encephalomyelitisg in
terms of its ~ize, shape and chemical constitution. Further, with the
techniques and equipment avajilable, to demonstrate phyeical or chemicail
properties asgsociated with the change in virulence of the Trinidad
strain to the attenuated strain.

Progress:

In the 1963 report the difficulties encountered ir concentrating and
purifying the attenuated strain of Venezuelan equine encephalomyelitis
were described in detail. The two principal difficultieg wera that the
virus appears to be unstable even at 4C and the virus which is grown in
guinea pig haart cell tissue cultures is heavily contaminated with
tissue debris. To hasten the process of evolving a purification pro-
cedure, a rapid assay method was needed. An early version of such an
assay mathod was also described in the 1963 report, Subsequently,
the method has bean considerably simplified and the quantitative
relizbility has been substantially improved. Means of extending the
technique to such dilute viral suspensions as sera of infected indivi-
duals are being explored with & view to use of the technique for early

diagnosis.

The assay 18 based on the method of Sharp (Proc Soc Exp Biol Med 70:
S4, 1949) in which viral particles were centrifuged onto a block of agar,
stripped from the agar by a collodion film, and then placed su an electron
microscope grid for counting, The film was formed by letting a drop of
collodion run over the agar which was then floated from the agar, virus-gide
de i into distilled water. This procedure was found to be tedious and
unreliable, for the smell pieces of film were often lost.

The electron microscope assay method in {its present form contains
pumerous improvements. A formvar film is now made by the widely used
procedure of dipping a microscope slide into a formvar solution. When
dry, the film js broken around the edge and floated off or water. A&
piece of '"saran wrap,'" perforated by 4 hole slightly larger than an
electron microscope grid, is stretched taut over a frame (described in
the 1963 report) and touched down on the formvar film. This adheres
to the saran and covers the hole, An agar block bearing virue particles
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is pressed against the film through the hole. The frame is inverted and the
agar Jdrops off after a corner is loosened with a scalpel., The frame is then
lrwe-red over an clectron microscnpe grid resting on saran wrap so that the
formvar film is stretched over the grid and adheres to it., It was initially
thought the formvar film might not make uniform contact with the agar and so
miss some virus particles unless it were held rigid by a second block of
agar placed underneath, Hence, the films were .ormerly made on agar by the
relatively laborious procedure described before, It later became apparent
th.at particles were unevenly digtributed on the agar because of its surface
heterogeneity., Since then Difco''Noble agar' has been substituted for
"Bacto-agar" and even the simplified retrieval procedure deacribed yields
uniform particle distribytion on the formvar,

In attempting to improve methods for concentratiung viral particles
prior to couunting, it is evident that the sensitivity of the viral assay
would be increased by lengthening the column of infected fluid and by de-
creaging the area on which the particles sediment., Column length is
1imited if particles are sedimented in the centrifuge but not if particles
are depoaited by filtration., The use of filtration for concentrating viral
particles was firat considered after it was discovered by Major Thomas J.
Smith, Medical Diviaion, USAMU, that virus particles would adhere to agar
which was pressed against a millipore filter.

A filtration area of one cm? (about 10 guid areas) is the smallest
attainable with a commercial high pressure filtration dsvicg. Since the
fielu of a micrograph gt 8U00X magnification iz 4 x 1077 cm®, 10 w1l of an
infected serum with 1C” particles/ml (about 10" to 10” infactious units)
would theoretically yield 4 particles per micrograph. At the maximum al-
lowed preesure, 10 ml water takes 20 minutes to pass through a 10-20 mu
pore size filter aad whole serum clogs such a filter, Therefore, preliminary
separation of the viruas from sera will probably be necessary and might be
accomplished by ultracentriluging the wirus into a small volume of sucrose
solution layered below the serum. A filtration device with a much amaller
filter area, which should be feasible, would reduce the volume and
infectivity level of serum required for virus detection, Virus identifi-
cation probably cannot be done solely on the basis uf morphology and may
require the use of feriitin-labeled specific antisera.

Summary and Conclusions:

An assay methol has been devised for detecting low coucentrations of
virus-like particles visible in the electron micrescope. The particles
are <~dimented onto agar and then transferred to an electron microzcope
grid by stripping them from the agar with a performed formvar film. The
particle count under the electron microscope gives & qunatitative measure
cf particle concentration in the original fluid. An earlier vercicn of
this assay method, described in the 1963 report, has been medified to make
it much casier and more re.iable, FPurthermore, it has been found possible
r- substitute filtration for centrifugation as the means of concentrating
the vi-us, since virus pariicies cuuid easily be stripped from a millipore,
fi'-a* cyvface by an agar block. Using millipore filtration, it should be
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possitle to increase the sensitivity of the assay method manyfold. There-
fore, the possibility is now being explored of adapting the procedure for
dlagnostic use in the early detection of viremia.

The new agsay will also expedite the search for a better procedure
for concentrating attenvated VEE virus and freeing it from the cell
debris in guines pig heart cell .tissue culture fluids,

Publications:

None.

Pregentations:

None.
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action of VEE virus with the host cell is continuing.

The emphasis of tone
study has been shifted from infected brain to liver to allow collaboration
with work *:zing done by others on the protein synthetic ability of normal

vs, infected hepatic cells.
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Infected Mouse Brain

Description:

To characterize the virus of Venezuelan equine encephalomyelitis in
terms of its size, shape and chemical constitution. Further, with the
technigues and equipment available, to demonstrate physical or chemical
properties assoclated with the change in virulence of the Trinidad
strain to the attenuated atrain.

Ptogress:

In the 1963 report, preliminary experiments were reported of col-
laboration with Lt, Colonel C.C., Berdjis, Pathology Division, USAMU,
.on the electron microscope study of infected mouse brain infected
with Venezuelan equine encephalomyelitis virus, Because of the absence
of Col. Berdjis, it has beeu decided to shift temporarily the emphausis
of the study to virus interaction with another host cell such as mouse
liver. This will have the &dvantage of correlation with.a study by
Colonel Irving Gray and Lt. Jerry R. Mohrig, Physical Sciences Division,
USAMU, on the effect of virus on the protein synthetic ability of
microsomal fractions of hepatic cells., The importance of brain damage
in infections with VEE and related viruses make eventual study of brain-
virus interaction a desirable final goal. However, studies of Gray and
Mohrig, (Study No. 01-40-02) recorded elsewhere in this annual report
suggest that microsomal preparations obtained from normal and infected
brain show no -clear differences in protein synthetic sability. It is
believed that failure to demonstrate differences may be due tc
localization of the virus in only certain types of brain cell.,- They
are therefore planning to initiate studies of protein synthesic by
microsomes using liver as the host cell system which may have a more
uniform distribution of infectivity since it has less diversity of
cell types than brain., Concurrent with the electron microscopic
collaboration, it 18 intended to collaborate on a study of the physical
properties of the microsomes using ultracentrifugation techniques,
Preliminary separations of the ribosomal moieties have been made in
sucrose density gradients for microacmal preparations from uninfected

cells.
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Summary and Conclusions:

Elactron microscopic examinatioca of mouse livar infected with VET virus
is under way in correlation with a study by others In the ability .f infecred
hepatic cell micivsomes to synth.size protein. A physical study ~f the
igolated microsomes using centrifugation techniques has als: been iritiated.
Publications:

None.

Presentations:

None.
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No progress has been made during the reporting period and the study is
beirg terminated,
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Study No. -40-04: Modification of Response of Macaca mulatta to
Venezuelan Equine Encephalomyelitis by Antibody
Administration

Descrintion:

To define the interaction between active {nfection with Venezuelan equine
encephalowyelitis (VEE) virus in the rhesuz monkey and VEE antibodiss.

Progroess:

Monkeys have not been available during this past year for the continuation
of these investigations, due to commitments to other projects of a higher
priority. There has been no progress during the reporting period and the
study is being terminated. ‘

Summary and Conclusions:

None.
Publicarions:

None.
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The administration of passive antibody has been shown to be effective in
the modification of Yenezuelan equine encephalomyelitis infection in monkeys
and guinea pigs. The response of the animal was found to vary with the
amount of passive antibody and its time of administration relative to inocu-
lation of virus. M )
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Study No. -40-05: Role of Antibody in the Clinical Manifestations
of Venezuelan Equine Encephalomyelitis Infection

Deucrigtion:

To investigate the possible value of passive antibody in the treatment
of Venezuelan equine encephalomyelitis virus infection.

Progress:

Initially monkeys were employed to study the influence of passive anti-
body on infection with Venezuelan equine encephalomyelitis (VEE) virus.
To determire the longevity of passively administered antibody in monkeys,
3 rhesus monkeys were inoculated intravenously with homologous VEE {mmune
serum having a bemagglutinating-inhibiting (HAI) titer of 1:2560 and a
serum neutralization index (SNI) greater than 7.2 logs. The volume of
serunm administered was based on the animals' weight, 1.e., 2.0, 4.0, or
8.0 ml/kg. Table I presents antibody titers observed in these animals on
various days after administratiorn of serum.

TABLE I. ANTIBODY TITERS IN MONKEYS FOLLOWING ADMINISTRATION OF HOMOLOGOUS
VEE IMMUNE SERUM

MONKEY — SERUM DAY AFTER INOCULATION OF SERUM
YO, ml. TEST 1 7 13 30 37 % 71
E-36 5.8 ward 40 20 <10 <10 &/

w12/

2.39 1.0 1.52 1.24

cc-15  11.2  HAI 80 40 10 <10
SNI 6.98  2.85 <1.63 0.64

cc-10 2.6 HAL 160 80 40 40 20 10 10
SNI >7.64 2>7.64 4.89 3.94 2.64 1.78 1.14

a. HAI - Expressed as reciprocal of titer.
b. SNI - Serum neutralization index expressed as logjg.
¢. Blank space JIcnotes not done,




Following che esteblishmenc of the normal decay curve of homologous serum
iu morkeys, the woik ias extended to examine the influence of passive antibody
on infection with JEE virus. In this experiment 4 monkeys were each inocu-
lated subcutaneously with approxi-ately 103 mouse intraperitoneal median lethal
doses (MIPLD5p) of Trinidad strain virus. At intervals of 4, 8, and 24 hr
following inoculation of vitus, 3 mi of homologous VEE immune serum per kilo-
gram body weight was administered subcutanecusly to one of the animals. The
fourth animal served as the virus control. The HAI titer of the serum was
1:2560 and the SNI was 7.0 logsjp.

Daily heparinized blood samples were incculated into mice for determination
of levels of viremia. Results of these assays are presented in Table II.
‘Serology results appear in Table III. :

TABLE II. TITERSE/ OF CIRCULATING VIRUS FOLLOWING INOCULATION OF VIRUS AND SERUM

TIME SERUM
ADMINISTERED LOGS;q VIRUS RECOVERED BY DAY AFTER VIRUS INOCULATION

AFTER VIRUS
INOCULATICN 3 4 5 6 7

4 hr 0 o 0
8 hr 0 0 0

Virus Control > 24.0 2.9 0.2

0
0
24 hr 4. 0 0 0
0
0

A-19 Serum Control 0 0 0

Expresscd as logjy of mouse {atraperitoneal median lethal doses (MIFLugg) per
0.3 ml.

0 - Virus not recovered from undiluted blcoed.

This sample obtained immnediately prior to inoculation of serum.

~

From the data in Table II it can be seen th.t administration ol immune serum
at 4 and 8 hr after incculation of virus blocked the appearuince of “‘irus in the
circulation. Similarly udministration of se.'m at 24 hr resulted 1= clecuing of
the viremia. However, the results of serologic :ests (Table IIT) show -hat the
administracion of serum as soon as 4 hr after virus iunculaticrn did not obliter-
ate the infection.

Tt is of interest that the rate and magnitude of antibody response in this
animal, i.e., Monkey N-22, are below those observed in animals receiving serum
at the 8-hr and 24-hr intervals. It is also noteworthy that the increase in
antibody in this animal occurred at aprroximately 28 days; a time when the
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TABLE 1II. ANTIBODY TITERS IN MONKEYS ADMINISTERED IMMUNE SERUM AT INTERVALS
AFTER VEE VIRUS

TIME SERUM
AODMINTSTERED ANTIBODY TITERS
MONKEY AFTER VIRUS Day after virus innculation R
NO. INOCULATION TEST 1 S 7 14 28 44
N-22 4 hr w12 40 40 20 40 80 320
sv1®/ 3.0 ¢ 44 <6 2.4 6.5
N-41 8 hr HAI 20 20 20 1280 5120 2560
SNI 1.7 2.5 26.5 >6.5
N-13 24 hr ' HAI 408/ 40 40 32 1280 2560
SNI 3.1 2.7 >6.5 >6.5
M-46 Virus Control HAIL <10 10 80 640 1289 5120
No Serum SNI <0.6 1.35 , 6.5
A-19 Serum Control HAL 20 40 20 20 <10 <10
No Virus _ SNI 1.5 3.4 1.6 1.0
a. HAI - expressed as reciprocal of titer. d. This sample only was ob-
b. SNI - expressed as logjg. tained 24 hr later than
c. Blank space denotes not done. others in the same category.

pasaive HAI antibody in the serum control had decreased to <1:10. Taken to-
gether _l.ese results suggest that infection in Monkey N-22 was of low
magnitude and was manifested only after depletion of the passive antibody.
In contrast, the rate and magnitude of autibody increase in the animals
administered serum 8 and 24 hr after virus were similar to that observed in
the virus control. '

Although the number of animals was smali, the study indicated that in-
fection with VEE virus was modified by the administration of passive antibody.
Because unmodified VEE virus infection is uniformly lethal in the nonimmune
animal, guirea pigs were selected for further studies.

A study to determine the leongevity of nassively administered antibody
in guinea pigs consisted ¢f 2 trials employing animals of different weights.
In the first trial, 250-350-gm guinca pigs received intraperitcreally (IP)
varying amounts of homologous VEE immune guinea pig serum (HAI titer 1:1280).
The immune serum in this and subsequert studies was obtained from guinea
pigs which had recovered from infection with the nonlethal attenuated strain
of VEE virus.

The mean reciprocal HAI titer of each group on various days f~'lowing
administration of serum is presented {n Table IV. Due to techrical
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difficulties, 10 animals, 2 from group II and & eaca from groups III and IV,
died following the first bleeding. Thus, the values after day 1 for the latter
groups are derived from 2 animals each.

TABLE IV. HAIL TITERSil OF GUINEA PIGS FOLLOWING ADMINISTRATION OF HOMOLOGOUS

VEE SERUM
SERLM MEAN RECIPROCAL HAI TITER BY DAY
PER ANIMAL AFTER SERUM ADMINISTRATION
GROUP NO. ml. T % 12 18 25 33 40
1 1.0 20 8 7 6 - 5 b/
11 2.0 25 12 11 6 6
11 4.0 73 40 30 20 10 5
v 8.0 160 120 66 40 30 10, 5

a. For purposes of computation, sera with titers of less than 1:10 (the
lowest dilution used in the HAI test) were assigned a value of 5.
b. Blank space denotes not done.

Becauase of difficulties in bleeding the smaller animals 350-450-ym guinea
pigs were employed in the next experiment. Antibody titers for these vaimals
appear in Table V.

TABLE V. HAL TITERSiI OF GUINEA PIGS FOLLOWING ADMINISTRATION OF H(ROLOGOUS
VEE DIMMUNE SERUM

SERUMB/ MEAN RECTTROCAL HAI TITERS BY DAY

PER ANIMAL AFTER SERUM AUMINISTRATION
GROUP NO. ml. 1 6 12
Ia 1.0 6 5 3
Ila 2.0 17 8 5
1Zla 4.0 28 22 10
Iva 8.0 62 39 15

a. Serum with titers of less th n 1:10 were assigned a value of 5.
b. The titer of this serum was 1:640.

When HAI titers haa dropped to a value of <1:10, guinea pigs in both
trizls which had survived the schedule of repeated cardiac punctures were
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challenged with approximately 103 guinea pig iriraperitoneal median lethal
doses (GPIPLD5g) of Trinidad strain virus. Of the 25 animals challanged,
9 succumbed. Of the 16 survivors, 13 developed HAI titers rangin; from
1:320 to 1:5120, indicating that these animals had been infected. The HAL
ctiters of Z survivors rems.ned unchanged following challenge while the re-
maining survivor was not bled.

From this study, it was evidert that, even though HAI titers were <1:10
at time of challenge, sufficient passive antibody remained tc protect
against the lzthal effects of the VEE virus infection.

In an effort to define more exactly the duration of protection afforded
by passively administered antibody, 69 guinea pigs were each inoculated IP
with 4.0 ml of homologous VEE immune serum. This serum had an HAI titer of
1:1230 and an SNI >7 logs. Twenty-four hr after administration ¢£f 2erum
and at weekly intervals thereafter, 6 guinea pigs were selected from the
group, bled for serology, and challenged with approximately 103 GPIPLD5q
of Trinidad atrain virus. The results are presented in Table VI.

Seventy-cne days following the administration of serum, 14 animale
which had survived the original exposure to unmodified virus were re-
challenged. In addition to surviving the initial challenge these animals
had not shown an increase in antibody titer. Their HAI titers at the time
of the second challenge were all <1:10. Of the 14, one animal from Group X
survived. However, since only 8 days separated the 2 challenges, this
animal may have been developing antibody as a result of the first challenge.
This conclusion is supported by the fact that 2 other sunimals in this group
shcwed evidence of responding within the 8-day period, one having a titer
of 1:10 and the other a titer of 1:40.

‘In addition to HAI serology, serum neutralization tests were performed
on several of the pre-challenge sera. With an occasional exception, only
those animals having a SNI of 1.6 logs or greater survived the challenge
dose of approximately 103 GPIPLD5g.

Under the conditions of the study described, the duratiocn ¢f protectiocn
afforded by the administration of passive antibody was between 63 and 70
days. Antibody titers of animals challenged within the first 2 weeks after
adminietration of serum usually decreased in the same menner as those of
animals receiving serum alone. This decrease is tasken as evidencz that
infection was prevented, and that the quantity of antigen incculated di
not elicit an antibody response. In contrast, antibody titers of animals
challenged 30 to 60 days after administration of serum usually rose to high
levels, indicating that infection had occurred.

‘ The next experiment was similar to that involving monkeys. At inter-
vals of 0, 4, 8, 24, 48, and 72 hr after inoculation of 10~ GPIPLDsqg of
Trinidad strain virus, 6 guinea pigs were each administered 4.0 ml of
komologous VEE immune serum via “he IP route. The HAI titer of this serum
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TABLE VI. DURATION OF PROTECTION AFFORDED BY PASSIVELY ADMINISTERED HOMOLOGOUS
VEE IMMUNE SERUM IN THE GUINEA PIG

SURVIVORS SHOWING

DAYS M ana/ INCREASE IN

GROUP AFTER SERUM REC1PROCAL gag;_v_g;_g TITER OVER
NO. ADMINISTRATION HAI TITER T TOTALS SERUM CONTROL

1 1 76 5/6 _ 1/5

II 7 53 6/6 0/3
111 15 28 6/6 1/5

v 22 13 4/6 2/4

v 29 8 6/6 5/5

VI 36 8 6/6 | 4/5
VII 42 5 4/6 4/4
VIII 50 5 . 4/6- ' 4/4

1X 57 5 2/5 o 2/2

X 63 5 ' 3/4 . 2/3

T

a. For purposes of computation, a value of 5 was assigned to sera with titers
of less than 1:10 (the lowest dilution used in the HAI test).

b. The numbers of survivors in the last two colums do not agree in every case
because some survivors died from bleeding before completion of the experiment.

was 1:1280 and the SNI >7.0 logs. Results are presented in Table VII. The
numbers of survivors in the last two columns do not agree in every case because
some survivors died from bieeding before completion of the scheduled bleedings.

From Table VII it can be seen that guinea pigs were protected against the
lethal effects of virulent VEE virus infection when homologous VEE immmne serum
was administered within 24 hr after virus inoculation.

HAI tests performed on sera obtained in serial bleedings of these animals,
subsequent to the administration of serum, showed that the rate and magnitude
of antibody response varied as a function of the time between inoculation of
virus and serum, respectively. These results are summarized in Figure 1. The
antibody titers of animals administered sc¢rum immediately after virus inocu-
lation decreased in the same manner as those of animals which received serum




TABLE VII. EFFECT OF PASSIVE ANTIBODY ON VEE INFECTION IN GUINEA PIGS

TLAE SERUM SURVIVORS SHOWING
ADMINISTERED AFTER INCREASE IN
TRINIDAD Ii'OCULATION NO. SURVIVED TITER OVER SERUM
GROUP NO. (hr) TOTAL | CONTROLS
1 0 6/6 0/4
11 4 5/6 3/5
IIr C 8 5/6 ' 2/4
|
w i' 2 6/6 | 6/6
t 1
) |
v ;,;l" 48 o/6 -
Vi 72 o/6 | -
! 1
. |
VIl No serum o/6 . -

alone. In contrast, antibody titers of animals treated 24 hr after inocu-
lation of viius rose rapidly to high levels., The animals administered serum
at 4 and 8 hr after virus are also of interest. Approximately 50% of the
animals in these groups responded with an increase in titer (similar to the
group treated at 24 hr)., However, the antibody titers of animals in the

4- and 8-hr groups which responded did not rise as rapidly or to as high
levels as did those of the 24-hr group. It should be noted that the curve
for "None - all groups" represents 8 nonresponding animals from the 0, 4,
and f8-hr groups.

Summary and Conclusions:

The half-life 6f monkey and guinea pig HAY entibody in the homologcus
gpecies was found to be in substantial agreement with published values for
the half-lives of the respective globuiins, i.e., 6.6 days for the monkey
and 5.4 days for the guinea pig (J Exp Med 96: 313 1952). ,

From the resalts of the study in monkeys it would appesr that infection
was established as early as 4 hr after inoculation of virus. Admiristration
of immune serum at this time served to5 delay the antibody response. At 24
hr after virus inoculation, administration of serum resulted in the clearing
of over 4 logs of virus from the circulation.

When present in relatively large amounts, passive antibody blocked
infection in guinea pigs, ar1 titers decreased in the same manner as those
of animals which received se.um alone. g :
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If the passive antibody was allowed to decline, a level was reached at
which infection did occur, but lethal consequences were prevented. Evidence
of infection was provided by the rapid rise of antibody titers.

When passive antibody was present in lesser amounts, infection with VEE
proceeded unaltered. : :

Administration of passive antibody was efficacious in the treatment of
VEE infection up to 24 hr following inoculation of virus. The rate and
magnitude of antibody response varied as a function of the time between
inoculation of virus and serum, respectively.

Publications:

None .
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The challenge of young Duroc pigs with Trinidad Venezuelan equine
encephalomyelitis (VEE) virus was undertaken to study concentration in the
b12°§5 liver, and brain. The greatest level of blood virus found was
107 MIPLDSO/O.B ml. This level of viremia is not high enough to suggest
that swine are important as virus sources for mosquitos, The 10% suspensions
of liver and brain tissue killed only a portion of mice injected indicating a
low level of virus activity,

The experimental infection of pregnant swine did not cause abortions, It
was also demonstrated that VEE virus can be isolated from the rilk of lactating
sows up to 5 days following challenge. The infection of swine with VEE resulted
from the housing of susceptible pigs with experimentally infected pigs,




4§y

BODY OF REPORT

e e e e
[

Prolect No. |1C622401A096: Medical Defense Aspects of Biological Warfare (U)
Task No. 1C622401A096-01: Vulnerability of Man to Biological Warfare
|

Study No. ; -40-08: Host-parasite Relationships in Venezuelan Equine
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Section T: BEvaluation of the Trinidad Strain of
~VEE in Swine

i
Descripcion:

To invéscigate various interactions between an animal host and Veneguelan
equine encephalomyelitis.

Progress:

In FY 1963 Annual Progress Report we reported the susceptibility of
swine to Venezuelan equine encephalomyelitis (VEE) and the clinical responses
illicited following experimental inoculation of VEE virus. The current studies
were designed to extend the knowledge gained from that work, :

Four classes of Duroc swine were empioyed in these studies. These were:
young pigs 3~1/2 months of age, young adult swine 8 months of age, adult
pregnant sows, and lactating sows that had recently farrowed.

The virus used for these studies was the Trinidad strain of VEER.
BExploying the method of Reed and Muench, doses of viruses employed were
determined by titrating intraperitoneally (IP) 10-fold serial dilutions of
the stock virus in 12-14-gm albino Swiss mice. The chellenge of swine was
by intramuscular (IM) injection. 1In all instances the diluent used for
making dilutions was phosphate buffered saline (PBS) with 1% normal rabbit

serum (NRS).

The demonstration of virus in specimens collected from these swine was
accomplished by titrating macerials IP in 12-14-gm albino Swiss mice.

Ten young plgs (3-1/2 months of age) were inoculated IM with 109 MIPLDg,
of virus in a serial sacrifice study. Two animals were sacrificed each. day
beginning day 1 (24 hr postchallenge) and extending through day 5.

The animals were bled daily for viremia studies. At time of sacrifice
107 suspersions of liver and brain were prepared from each pig and injected

IP into mice.




During this study blood virus activity was demonstrated in all swine
except one (No. 45). Only 2 of 60 mice injected I? with 0.3 ml of brain
suspension died. Fourteen of 60 receiving 0,3 ml of liver suspensions died,
This indicates that the level of virus in these tissues 1s not great,

The relationship between virus levels in the blood, brain, and liver of
these animals is presented in Table I,

TABLE I. DISTRIBUTION OF VEE VIRUS IN SACRIFICE STUDY OF SWINE AS DETERMINED
BY MOUSE INOCULATIGN (6 MICR/GRGUP)

NO, MICE DEAD AFTER IP INOCULATION OF TISSUES—’

ON DAY
P1G 1 2 3 4 5
NO, Bl, Br, Li, BL, Br. Li, Bl. Br, Li, B1. Br, Li, Bl, Br, Li,
91 6 1 2
59 6 0 5
88 6 3 0 2
45 0 0o 0 O
52 6 6 1 0 3
37 3 6 0o o 2
47 6 0 0 0 0 o0
92 (] 0 0 1 0 o
94 0 1 4 0 0o 1 0
56 6 5 5 1 00 0
_a/ Bl = biood, 10"} diluiton.
Br = brain
Li = liver

At the time these pigs were challenged, 2 swine, comparable in age and size,
were not inoculated but placed in the pen with the challenged animals, These
animals were bled daily for 6 days for viremia determinations, temperatuias
were taken twice daily, and sera tested for hemagglutination inhibiting (HAI)

antipodies.

One of the 2 had a frank fever on day 4; bcth pigs manifested what was
considered u low-grade fever from days 1-5 and 1-4, Prior to rhe study the
HAI titer of both wes found to be <1:10; when examined 24 days later one had
an HAI titer of 1:2560 and the other 1l: 320

A low level viremia developed in both pigs, demonstrated by injecting 0.3 ml
whole blocd IP into mice, Blood collected on days 4 and 6 from 1 pig killed 2/6
and 3/6 mice, respectively. Blood obtained from the other pig on day 6 killed
1/6 mice. Based on these observations, there is no doubt that these pigs became
infected, Howozver, the exact mode of tramsmission was not defined.




In another serial sacrifice study, 8 young adult swine (8 months of age)
were inoculated IM with 106 MIPLDsy of Trinidad VEE virus. Two animals
were sacrificed each day beginning day 1 and extending through day 4, Whole
blood and 107 suspensions of liver and brain tissue were titrated in mice.
Ractal temperatures were taken twice daily. The rasults of this study are
presented in Tatle II, :

Eight adult pregnant sows were inoculataed with VEF virus and observed
for abortions. Three sows recaived 105:7 MIPLDgy of the Trinidad strzin of
VEE and farrowed shortly after challenge, One farrowed on day 6, 1 on day
12, and 1 on day 14. A total of 1) pigs were born. All were alive and
normal in appearance.

Thrae sowe in the first semester of pregnancy (30, 40, and 60 days)
vere challeanged with Trinidad VEZ virus, 2 received 106 MIPLDs, and 1
received 107 MIPLD¢y. These animals were sacrificed just prisr to parturi-
tion, but it was cvgd.n: that they did ggt abort following the virus chal-
lenga, The 2 remmining sows recuived 1 -7 MIPLDso of virus. One was
sacrificed on day 2 and the other on day 3 postchallenr At tims of. sac-
rifice the brains and placentas of 3 fatuses from each w were titreted in
mice, A 10% suspension was made from thece tissues ana . 1jscted 1P into
each of 6 mice. There was only 1 mouse death, and this resvited from the
injection of plucental suspension. ’

These data indicate that the virus does not cross the placental barrier
and becomes established in the fetal brain., The results further suggest that
ahortions of swine due to thic virus are not likely. It should be remmmhered
however, that these studiee did not encompass the effects of infection during
all stages of pregnancy.

Iwo lactating sows vere inoculated with 105.7 MIPLDgq of Trinidad VEE
virus and their blood and milk checked daily for tha presence of virus from
day 1 through day 5 postchallenge. 1In only 1 of the sows could virus be
demonstrated. It is intereating to note that qirua in the milk from this
sow was demonstrzted 1 day longer than in the bleod. Table III summarizes

|
|

these virus determinations.
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TABLE III. RE:PONSES OF LACTATING SOWS TO TRINIDAD STRAIN VEE V1RUS

n~14 S-15

INOCULATION Peak No. Mice Deadd/ Peak No. Mice Dead

DAY temp, *F Blood Milk temp,*F Blood Milk

1 103.4 6 6 103.2 3 0

2 102.4 6 1 102.0 0 ¢

3 104.2 6 5 104.8 0 0

4 104.0 0 5 105.8 0 0

5 102.8 0 2 106.6 ) 0

6 103.2 0 0 102.4 0 0

a/ 0.3 ml whole blood or milc inoculated IP into 6 mice.

The sow that had demonstrable virus in her milk was nursing 5 pigs.
These pigs were bled 14 days following ths dam's challenge aad all had
positive HAI antibody titers ranging from 1:640 to 1:10,240. The other
sow had 11 nureing pigs. When the pigs were checked 14 days following
challenge of the sow, 7 of 11 had demonstrable HAI titers ranging from
1:940 to 1:5120. None of the pigs died or exhibited clinical signs of illness.

Summary and Conclusions:

The challenge of young Duroc pigs with Trinidad VEE virus was undertaken
to study virus concentrations in the hlood, liver, and brain.

The ~veatest level of blood virus found was 102.38 MIPLD;(/0.3 ml. This
level of viremia is not high enough to suggest that swine are important
as virus sources for mosquitos, The 107 suspensions of liver and brain
tissue killed only a portion of mice injected indicating a low level of

virug activity.

The experimental infection of pregnant swine did not cause abortions.
It was alaso demonstrated that VEE can be isolated from the milk of lactating
gows up to 5 days following chailenge., The infection of swine with VEE
resulted from housing of susceptible pigs with experimentally infected pigs.

Pubifications:

None.
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The administration of attenuated VEE virus to pregnant swine did not cause
sbortiens, At time of farrowing a large percentage of the young pigs were sti]ll-
born. After extensive study it wes concluded that these sows had become infected
with brucellosis which could account for the abnormal farrowiags. The baby pigs
born of these sows had negative (<1:10) hemagglutination-inhibiting antibody
titers at birth but developed positive titers subsequent tc nursing., These
titers were again negative (<1:10) when the pigs were 2-1/2 months of age. When
challenged at this time with Trinidad VEE virus the pigs were shown to be
partially protected.
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Study No. =4C-08: Host-parasite Relationships in Venezuelan Equine
Encephalomyslitis

Section II: Attenuated VEE Virus in Pregnant
Swine.

Description:

To investigate various interactions between an animal host and Venezuelan
equine encephalomyelitis.

" Progress:

The infection of pregnant dems with certain viral agents has been observed
to cause adverse effects on the developing fetuses, This phenomenon is seen
when women become infected with rubelle; sheep,with bluetongue, equines, with
rhinopneumonitis; and swine, with hog cholera.

The developmert of an attenuated straln of Venezuelan equine encephalo-
myelitis (VEE) virus intended as a vaccine required that studies be concucted
to determine if undesi.able effects resulted from the use of thie vaccine
strain in pregnant animals, The selection of swine as the experimental model
was based on the knowledge that teratcgenic defects were ccmaonly observed
whea pregnant sows were vacclnated with attenuated hog cholera virus,

Two strains of VEE virus were employed in these studies, The attenuated
strzin had a passage history of GPH78/CF./GPH13. The unmodified Trinidad strain
used was 13th passage chick embryo slurry.

The viruser were titrated in 12-l4~-gm albino Swiss mice b the intra-
peritcneal (IP) route, The doses of viruses employed were determined by the
method of Reed and Muench. Mice were also used for viremia determinativiws.
Hemagglutination-inhibiting (HAI) antibody responses were determined by the
method of Clarke and Casals,

The awine were young adult Durocs that had not previcusly been bred, The
drove consisted of 1 bcar and 13 females, The sows were bred and dates of
breeding recorded, Nine of the scws were subsequently administered attenu-
ated VEE virus intramuscularily (IM) and &4 Segyed as uninoculated controls,
Seven of the 9 iroculated sows received 107° MIPIDSO of virus, At time
of vaccination thesessggs were from 22-32 days pregnant, The remaining 2
were administered 10°° MIPLDSO of virus when they were 48 and 49 days

pregnant.
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Preinoculation sera were all negative for HAI antibody. There were no
clinical manifestations of illness observed following administration of the
attenuated virus, The animals remained afebrile and did not abort. The sows
became infected based on the development of positive HAI titers subsequent to
vaccination. Sera were obtained .,everal times during the pc.tchallenge inocula-
tion period and each specimen was found positive for HAI an'itodies.

The secologic responses of these swine are summarized in Table I. It is
interesting to note that the level of HAL antibody did not change significantly
during the time frame involved.

TABLE 1. SERCLOGIC RESPONSES OF SWINE INOCULATEb WITH ATTENUATED

VEE VIRUS
NOSE 9F
ATTENUATED RECIPROCAT HAI ANTIBODY TITER
VIRUS Day poustinoculation
Logyg SOw No, 21-22 56=-58 80-86
3.87 45 640 320 €40
37 . 40 40 40
36 160 40
21 160 150
26 160 t0
34 1450 8C
5.86 25 160
10 640
14 320

These 9 sows farrowed following a normal gestation period. At time of
farrowing the baby pigs were examined for defects, and prior to nursing bled
for HAI antibody determinations., All pigs tested prior to nursing had HAI
titere of <1:10, but after nursing, developed positive titers.

When the sows farrowed a high per cent of stillbirths we—e absarved.

" Fortunately, 1 of the &4 uninoculated sows farrowed at the same time. Her

parturition was complicated and required assistance. Four dead pixs were
delivered, 2 of which were underdeveloped. It was suspected that the swine
had become infected with leptospircsis, burcellosis, or some other pathogen.

Specimens of serum and urine from the sows and the boar were tested for
leptospirosis and found negative. When sera were tested for brucella agglutinins
the boar was found to h-7e a titer of 1:400 and the sows had titers ranging up
to 1:200. ‘
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It was assumed, therefore, that these swine were infected with brucella
and that the sacrifice of the adult animals was indicated because of public
hea'th implications., Attempts to isolate brucella from these arimals were
unsuccessful, The eacrifice ¢’ these animals was accomplished prior to the
farrowing cf the 3 remaining control sows. Necropsy of these control sows
revealed evidence of pathologic changes compatible with brucella infections:
there were abscess formations and 1 scw's uterus showed evidence that her
pregnancy had terminated by a recent abortion or that the fetuses had been
readsorbed. It is also of interest to note that these 3 control sows were
bred several times and should have conceived and farrowed sevezral weeks prior
to sacrifice, This was also strong evidence supporting the theory of a
brucells infection.

Twenty-nine of the 67 pigs farrowed by the vaccinated sows were still-
born. At time of birth all pigs were bled from the heart, some were
sacrificed for pathology studies, some were denied the dam's milk and fed
by bottle and some were left with the sows. Thirty-eight sera from these
baby pigs were tested for HAX antibcdy determinations at birth and ell were
negative (<1:10). Farrowing data of vaccinated sows are presented in Table II.

TABLE 1I. FARROWING DATA OF PREGNANT SOWS ADMINISTERED
ATTENUATED VEE VIRUS,

INGCULATION ‘
SWINE ATTENUATED VIRUS NO, PIGS NO. PIGS
NO, {day of pregnancy) BORN DEAD BORN ALIVE
37 29 0 6
45 32 2 1
36 27 5 8
25 26 5 8
34 26 2 10
26 25 11 1
21 22 1 0
10 48 1 2
14 49 2 2

Subgsequent to nursing (2-3 weeks of age) the sera 5f 6 pigs that were
permitted to nurse were tested for HAI antibodies end all were pesitive.
The titers ranged from 1:40 to 1:5.0. Their sera were again tested when
the pigs were approximately 2-1/2 months of age and the titers were al

<1:10. :

At thia time the pigs were challenge ith 103+8 MIPLD¢y of ummodified
Trinidad VEE virus, Six additional pigs, comparable in age and size were
inoculated with the same dose and served as controls, Rectal temperatures
were recorded twice daily for 10 days, viremia determinations were made
day l-4. Viremia was demonstrated in all control pigs, whereas virus was




recovered from only 1 of the pigs born of the vaccinated sows; the level of
viremia was very low and demonstrable only on days 1 and 2 postchallenge.
each of these days 0.3 ml of whole blood killed only 1 of 6§ mice infected IF,
A febrile response was observed in all pigs,

The sera collected frcm these pigs were tested for HAI antibodies 21 days
postchallenge, and all were positive. The titers ranged trom 1:i60 to 1:1280
in the principals while all controls had a titer of 1:1280, The respunses
of these pigs are summarized in Table III,

These data indicate that the young pigs born of vaccinated sows were
resistant to challenge with ummodified Trinidad VEE vrius., The resistance
observed was probably due io passive immunity obtained from the dam through
the colostrum, It is interesting to note, however, that the sera tested prior

. to challenge did not have demonstrable HAI antibodies at the 1:10 dilution,

L

Summary:

Pregnant Durcc swine were administered attenuated VEE virus to determine
if teratogenic defects and/or abortions would occur, No abortions were observed
but when the sows farrowed a large percent of stillbirths were observed. Thia
also occurred in 1 of the uninoculated controls, The cause of these still-
births was believed to be due to brucellosis, This assumption was based
principally on the demonstration of positive brucella titers, The animals were
sacrificed a2nd attempts to isolate brucella were unsuccassful, It was found
that the HAI antibody titers of these sows did not change significantly from
21-80 days postinoculation. Sers from the young pigs born of these sows were
tested for HAI antibodies at birth, and prior to nursirg, they were all negative
(<1:10) but were positive following nursing. At 2-1/2 months with unmodified
Trinidad VEE virus, they were partially protected. They had a febrile response,
but from only 1 ~ould virus be isolated from blood,

Publications:

|
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This siudy indicates that administration of the attenuate” strain of
Venezuelan equine encephalomyelitis (VEE) virus to ovegnant guinea pigs does
not cause uudesirable effects, The pigs born of these scws were normal in
appearance and the per cent stillbirths observed do not exceed that normally
seen in a breedinz conlony, The number of pigs derivad from the sows is also
compatible with that observed in a breeding colony.

The resistance of the young pigs to ummodifisd Trinidac VEE virus is
clear evidence that immunity had been acquired. This immunity may have been
attained by maternal transfer of antibodies; at time of challenge sufficient
levels were present to protect the animal.
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Project No. 1C622401A096: Medical Defense Aspects of Blological Warfare (U)

Task No, 1C622401A096-01: Vulnerability of Man to BW

Study No. -40-08: Host-parasite Relationshipa in Venezuelan Equine
Encephalomyelitis

Section III: Attenuated VEE Virus in Pregnant
Guinea Pigs,

Description:

To investigate various interactions between an animal host and
Venezuelan equine encephalomyelitis.

.

Progress:

An isolated colony of Hartley strain guinea pigs wes established to
determine if the administration of an attenuated strain of Venezuelan equine
encephalomyelitis (VEE) virus to pregnant sows would cause undesirab’: effects.

Two strains of VEE were used in these studies: the attenuated strain
was produced by the Virology Division, USAMU, and identifiad =8 TC-83/3-2.
The second strain of virus used was the ummodified Trinidad strain.

"Titar of the attenuated virus was established as follows: Ten-fold
serisl dilutions of the attenuated virus were made and 0.3 ml of each dilu-
tion was injected intraperitoneally (IP) info_esch of 6 mice. Two weeks
later these mice were inoculated IP with 10°° HIPLDSO of the Trinidad
strain of VEE, The Trinidad strain of virus was also titrated in mice.
Doses of virus were calculated using the method of Reed and Muench.

The guinea pigs were bred and dates of breeding recorded. A total of
2€ females were succezsgglly bred during the study. These rows were
inoculated IP with 107°°° MIPLDgp of the attenuated virus, uit time of
challenge, the stager of pregnancy ranged from 12-36 days.

Of the 26 pigs challenged only 1 aborted during the experiment. This
occcurred 14 days pestinoculation and the necropsy report indicated that
death was due to pneumonia.

The 25 sows gave birth to a total of 88 pigas. The size of litters
ranged from 1-5 pigs with a mean of 3.4, There were 4 stillborn pigs and
4 pigs died within 5 days of birth, One died at the age of 1 month, The
"animals dying were necropsied by Pathology Division, USAMU, and no evidence
of CNS involvement was found. These deaths were attributed to pnzumonia,.




When these 78 young gulnea pigs were weaned they were challenged with
103 MIPLDsg of unmodified Trinidad VEE virus. At time of challenge the ages
of these animals ranged from 9-12 weeks, Ten pigs, comparable in size and
age were obtained and added to the group to serve as controls, Subsequent to
the Trinidad challenge all cor“rols died. Only 2 of the principals died.
Both of these were late deaths, occurring on days 10 and 1l podtchallenge.
Attempta to demonstrate virus activity from the brains of the animals were
unsuccessful, It was noted that approximately 10% of the survivors exhibited
some evidence of illness during the 2-week observation period.

The young pigs were bled 14 days following challenge and sera checked
for hemagglutinaticn-inhibiting (HAIL) antibodies. Approximately 80% had
positive HAI antibody titers, sume of which were found to be as high as
1:5120.

Summary:

The results of this study indicate that administration of the attenuated
strain of VEE virua to pregnant guinea pigs docs not cause undesirable effects,
The pigs born of these sowa were normal in appearance and the per cent still-
births observed do not exceed that norrmally seen in a breed.ng colony. The
number of pigs derived from the sows is also compatible with that observed in
a breeding colony.

The resistance of the young pigs to unmodified Trinidad VEE virus is
clear evidence that immunity had been acquired, This immunity may have beer

attained by maternal transfar ol antibodies and at time of challenge sufficient
levels wers present to proteact the animal.

Publications:

None,
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Twelve volunteers were inoculatad with attenuated Venezuelan equine
/ encephalomyelitis virus (VEE) vaccine. Beginning at 2 hr postinoculation
ﬂ . ‘and daily for the subsequent 14 days clinicazl observations were made and
gJ specimens for viral studies collected. During the same interval 35-40
I Aedes triseriatus mosquitoes were fed daily bn each subject. The mos-
i quitoes were incubated for 18-20 days at which time they were allowed to i
|
i
|

teed on guinea pigs. Ncne of the guinea pigs became infected as evidenced 1
by serologic and challenge teats. Virus was not recovered wich trituration {
of mosquitoes and incculation into susceptible hosts.

From the results it »- ).ars unlikely that A. triseriatus or other !
mosquito of similar VEE iufection threshold would become infected by i
feeding on persons with viremia following incculation of attenuated VEE

virus. !
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Project No. 1C622401A0%6: Medical Defense Aspects cf Biosiogi:al Warfare (U)
Task No. 1C6224501A096-01: Vulnerabiiity of Man to Biologizal Warfare

Study No. «40-08: Host-Parasite Relationshipe in Venezuelan Equine
Encephalomyelitis

‘Section IV. Arthropod transmission.

Description:

To investigate variocus interactions between animal hosts and the virus of
Venezuelan equine encephalomyelitis.

Progress:

" The cooperation and assistance of personnei of the Arbovirus Unit, Com-
municable Disease Center, Atlanta, Georgia and those of the Entcwology Division,
U.8. Army Biological Laboratories, Fort Detrick, Maryland is gracefully
scknowledged. Particular thanks are extended to those persons whe served as
volunteers.

P L T T R T R

As reported last year successful infection of Aedes tYriseriatus and Aedes
aegypti with an attenuated strain of Venezuelan equine encephaleomyelitis (VEE)
virus necessitated thz use cf relatively large quantities of virus.

Although attempts to infect these mosquitoes on viremic guinea pigs were
negative, definitive studies in man were astill required. An opportunity to
perform these studies was afforded in relation to the immunization of personnel
of the Arbovirus Unit at CDC.

Twelve persons scheduled for immunization volunteered for these studies.
Table I lists their prior {mmnizations to other members of the group A 2rbo-
viruses. Before inoculation of the attenuvated virus, oral tsmperature, blood
for serum and a throat swabbing were obtained from each person. These pro-
cedures were repeated at 2 hr and then daily for 14 days following inoculation.
Each person was administered 0.5 ml of virus suspension subcutaneocusly which
contained approximately 103 median guinea pig intraperitcneal immunizing doses

(GPIPIDso) .
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TABLE I. IMMUNIZATION EXPERIENCE OF VOLUNTEERS ADMINISTERED ATTENUATED VEE
-~ VIRUS VACCINE

VACCINE
VOLUNTEER eee?/ wee/ vees/
Pt + + -
Cr - - ' -
We : + + -
So - - -
La + + -
In + + +
Tl | + + -
Cn + + + y
Wk + + -
Lt + + -
Pn + + -
Ce + + -
a/ EEE - Eastern equine encephalitis, inactivated.

b/ WEE - Weatern equine encephalitis, inactivated.
¢/ VEE - Live attenuaced in 1561.
d/ VEE - Live attenuated in 1961 - no response.

Beginning at 2 hr and daily for 13 days after inoculation of virus,
35-40 A. triseriatus were allowed to feed on each subject. Fee’ings were
carried out immediately following collection of the daily blood sample.

The moaquitoes were then incubated at 80 F and 75% humidity for 18-20 Jays.
During this period the daily blood sampl2s as undiluted and a 1:10 dilution
of serum were inoculated into suckling mice. The results of these assays
were utilized as the basis for selecting the groups of mosquitoes for
subsequent studies which were most likely to be infected.

The susceptibility of several laboratory hosts to infection with the
attenuated virus i{s demonstrated by the results precsented in Table II.
These were derived from experiments designed to establish the validity of
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viremia assay results and mosquito feedings. "

TABLE II. SUSCEPTIBILITY OF SELECTED LABORATORY HOSTS TO INFECTION WITH
ATTENUATED VEE VIRUS

ROUTE VOL. CF 2)<DAY CHALLENGE™
TEST ~ OF P INOCULUM Per inoc. Per Per inoe. Per
ANTMAL INOC &/ {ml) vol. cc. vol. cc.
Suckling
mouse 1c 0.02 1073 107 -0
Suckling
mouse sc 0.02 1043 1052
3-week c/
" mouse IC 0.03 <100'6_‘ -
1/2-day 0.6
chick SC 0.03 <10”* -
G. Pig
(400 gm) IP 0.5 ‘ No deaths 106‘1 106'A

afuRoute of inoculation - IC, incracerebral; SC, subcutaneous; IP,
intraperitoneal.

b/ Challenge dose - 1032 adult mouse IC LDgg of Trinidad strain VEE virus
via the IP route.

¢/ One apparent breakthrough =ccurred in the 1073 dilution.

Mosquitoes which had fed during period of apparent viremia were permitted
to feed un 400-gm guinea pigs and were then frozen for subsequent testing for
presence of virus. The guinea pigs were held for 30 days at which time they
were bled for serum and then challenged with unmodified virus. The serum was
tested for hemagglutination-inhibiting (HI) antibody. The challenge dose was
1032 mouse ICLDsg of Trinidad strain VEE virus administered by iiie intra-
peritoneal route. :

The results of the viremia assay and mosquito experiments are presented in
Table III. Despite the fact that mosquitoes were fed on tha subjects at times
of viremia, none of 344 transmitted virus to guinea pigs nor was virus demon-
strated in 611 when triturated and inoculated into suckling mice.

Summary and Conclusions:

Under the conditions of this limited study no evidence was obtained that
the infection in man with attenuated VEE virus is of sufficient magnitude to




a“.

provide for infecting mosquitoes, i.e., A. triseriatus.

While indicative that transmission of the attenuated VEE virus by mos-
quitoes from vaccinees is not likely to occur; experimental conditions in
this study did not allow fcr mosquito assays at intervals between ¢ and
18 days incubation.

This study will continue providing personnel and adequate facilities

"become available.

Publicatioas:

None.
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TABLE ZIT.

ATTEMPTED INFECTION OF A. TRISERIAT(S BY FEEDING ON HUMAN SUBSECTS
FOLLOWING INOCULATION WITH AN ATTENUATLD STRAIN OF VEE VIRUS

SUBJECT

viReMIA Assav® TDaye
SERUM DILUTION

MOSQUITOES

extrinsic

feeding on

No. unin-
/ fected
No. testred

INOCULATION None 1:10 incubation guinea pigs~

Pt 2 6/8 ? 18 0/29
3 777 0/8 18 0/27

4 8/8 5/8 18 0/29

-5 6/3 1/8 18 0/20

7 0/8 8/867 19 0/3.

Cr 2 0/8 2/817 18 0/30
3 0/8 1/8? 18 0/31

5 0/7 1/8 18 0/32

We 2 2/2 0/7 18 0/26
4 0/7 1/8? 18 0/27

5 8/8 0/8 18 0/31

9 0/3 1/8 19 0/25

10 -_0/6 0/3 19 0/33

So 3 0/7 2/8? 18 0/22
11 8/8 0/8 18 0/33

La 3 2/8? 8/87 18 0/19
4 1/6? 0/8? 18 0/31

5 717 0/5 18 0/30

6 8/8 1/8 20 0/27

7 717 8/8 19 0/31

8 2/8 1/8 19 0/28

9 0/8 8/8 19 0/26

11 0/7 1/7 18 0/27

En 3/8 . 0/8 18 /30
T1 3 3/8 3/8 i8 0/14
4 0/8 2/8? 18 0/21

8 1/8 - 1/8 19 0/30

Cn 4 2/8 0/8 18 0/32
5 5/8 0/8 18 0/32

7 0/8 8/87 19 0/35

8 3/8 2,8 19 0/33




TABLE IIY. CONTINUED

DAY OF / MASQUITOQES
FEEDING VIREMIA ASSAYZ Days Number No. unin~
POST - SERUM DILUTION extrinsic feeding on fected
SUBRJFCT IKOCULATION  None 1:10 incubation _ guinea piggg/ Nc. tested
Wk 4 2/107 2/9? - 18 19 0/29 .
6 8/87 0/8 20 20 0/28
L1 5 4/8 0/8 18 17 0/33
7 0/8 2/8 19 17 0/35
Pn 5 5/8 0/8 18 13 0/29
7 1/7 2/8 19 15 0/33
Cy 8 0/7 ? 16 15 0/31
9 4/8 0/7 19 15 0/27
1i 0/7 8/8¢ 18 21 /29
12 0/10 /11 17 21 0/29
Total mosq. refed on guinea pigs with neg. resultgse«--- 344
Total mosquitoes screened for virus with negative resultSeeemccececeaea- 611

No. suckling mice dying/no. suckling mice inoculated with either undiluted
serum or serum diluted 1:10, drawn from the human subject immediately
preceding the mosquito feeding. These figures may include nonspecific
deaths, particularly where question-marked.

Absence of HI antibodies gt 30 days of incubation, and lack of resistance
to challenge against 103+2 adult mouse ICLDsp administered via the IP
route was considered tc indicate lack of VEE transmission by mosquito

bite,

This guinea plg survived challenge but poss~ssed no HI antibody. Since
no virus could be detected in the mcsquitoe which had fed upon this
guinea plg, the survival of challenge was considered to be a freak

occurrence.
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Medical Defense Aspects of Biological Warfare (U) -

Prevention and Treatment of Biological Warfare

Casualties

Chemotherapeutic Modification of the Immune
Response

Coapounds known to inhibit antibody respor:-, such as purine and
ansloques (6 mercavtopurine or related compounds), wiil be utilized to
assess the nature and significance of antibody production consequent to
administration of microbial and related antigens in experimental animas and

Ban,

P?Olrtsl:

No additional studies have been performed and none are contemplated.

Summary:

No additional studies have been performed and none are contemplated.

Publications:
None
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Studics were conducted to evaluate the efficacy of viable attenuated
Pasteurella tularensis vaccine (National Drug Co. Lot 6) in protecting monkeys
against respiratory challenges of SCHU-S4 and SCHU-S5 strains of P, tularensis.

Thase studies do not establish whethar or not there is a difference in
protaction afforded agairst strains SCHU-84 and SCHU-S5, but do indicate a need
for extending the observations to larger numbers,
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Study No, -=00-02: Evaluation of Efficacy of Experimental Vaccines.

Section I: The Efficacy of Viable Pasteurella
tularensis Vaccine against Respiratory Challenge
with Strains SCHU-S4 and SCHU-S5 in Macaca Mulatta,

Descriptions

To evaluate experimentai vaccines developed by various organizations,
contractors, or other govermmental agencies,

Progress:

A seadch of the literature revealed surprisingly little information
concerning the effectiveness of tularemia living vaccine (LVS) against the
streptomycin-resistant strain of Pasteurella tularensis (SCHU-S5) and
inconsistencies were noted in studies with the streptomycin-susceptible
(SCHU-S4) strain, Table I summariges these reports,

TABLE I. THR EFFICACY OF VIABLE P.TULARENSIS VACCINE (LVS) AGAINST
RESPIRATORY CHALLENGE WITH STRAINS SCHU-S4 AND SCHU-S5 IN

M. MULATTA.
AEROSOL CONTROLS VACCINATES
LABORATORY CHALLENGE DOSE___ (ZMortalfty) (%Infected)(Mortality)
SCHU-S5
'USABL>' (1961) - 750 87 100 40 .
SCHU-S4
usaMu=’ (1958) 60 18 50 0
USABL (1962) "3 . 50 100 0
USAMU (1958} 300 55 50 13
USAMU  (1958) 1,300 100 100 100
USABL (1959) 1,000-50,000 100 100 47
USABL (1962) 10,000-50, 000 100 100 38
USAMU (1958) 100,000 100 100 55
USAMU _(1958) 130,000 100 100 160

a/ U.S. Army Biological Laboratories, Fort Detrick, Md.
b/ U.S. Army Medical Unit




To reinforce the SCHU-S5 data, 10 Macaca mulatta were vaccinated intra-
dermally with LVS (Lot ND- 6) ard challenged 130 days later by the respiratory
route. at time of challenge, 7 unvaccinated monkeys were added to the study as
controls., The exposures wers mede on the modified Henderson apparatus employ-
ing 2 dose levelis: 2,000 and 22,000 cells, Five vaccinates were challenged
at each dose level, with 4 controls exposed to the 1ow dose and 3 to the high
dose.

Following exposure the animals were observed for signs of illneass and
death. On day 24 pcstchallenge all survivors were sacrificed. All vaccinates
exposed to the 2,000-cell dose exhibited signs of illness with deaths occurring
in 2 (40%). All of the vaccinates exposed to the 22,000-dose level became 111
and died. All 7 controls employed in this study became ill and died.

. It was felc important to determine whether there was any sigrificance to
the fact that with a SCHU-S5 dose of 22,000, there were no survivors, yet
previous studies w#ith SCHU-S84 (Table I) ehowed a 62% survival in the 10,000 to
50,000 dose range, and 45% survival at 100,000, .

A study was therefore undertaken to assess protection afforded by LVS
vaccine against a challenge of SCHU-84 compared with a challenge of SCHU-S5,
employing the same vaccine, the same exposure apparatus, laboratory techniques,
and animal handling and personrel,

Thirty~two rhesus monkeys were vaccinated intradermally with ND Lot No. 6
LVS vaccine and were bled tor serology on day 56 pestvaccinstion. On day 57,
16 vaccinated and 10 control animals were exposed to a dynamic aerosol of
SCHU-S4 strain of P tuiarensis on the modified Henderson apparatus, Eight
principala and 5 controls received an average dose of 240 cells; the rest
received 6000 cells. On day 53, the other 16 vaccinates and 10 controls were
exposed to an aerosol challenge of 3CHU-S85 strain, Half received an average
of 220 organisms, the remainder, 450C cells, Temperatures were taken twice
daily through day 28 postchallenge; thes animals were x-rayed, and bled ior CRP
and blood cultures twice weekly during this peried, Survivors were bled for
serology on dav 14 and at time of sacrifice on day 28, Febrile responses,
CRP, X-ray findings, and mortalities are shown in Figures 1 through 4,

All vaccinated animals challenged at the 2 low dose levels survived.
No deaths occurred in vaccinates receiving the high dose (6,000 cells) of
SCHU-S4, However, of particular interest is the fact that 257 mortality was
observed in the vaccinates receiving the high dose (%500 cells) of SCHU-SS,
The 2 vaccinates which succumbed to the SCHU-S5 challenge showed positive
agglutination titers prior to exposure,
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MONK. DAY POST-CHALLENGE

NO. AOLL 131 151 171 191 1“1 1|3A 1‘51 IITL 1‘91 ;2'1 ?q A .26.\ 38.
X-RAY [R-45 - I+ 2¢ 2+ -
CRP - 4 4 4
FEVER o wag QN
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FEVER = | ;
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CRP -
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- X-RAY |A-I5
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X-RAY [C-52
CRP
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X-RAY | AI-53
CRP
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X-RAY (B3-27

CRP
FEVER

CONTROLS

VACCINATES

FIiGURE | . RESPONSES OF M. MULATTA TO AEROSOLIZED P TULAREMSIS
SCHU-S4, LOW DOSE (240 CELLS).
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FIGURE 2.

RESPONSES OF M. MULATTA TQ AEROSOLIZED P TULARENSIS
SCHU-84, HIGH DOSE (6000 CELLS).
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Summary and Conclusions:

Studies were conducted to evaluate the efficacy of LVS in protecting
monkeys against respiratory challenge of SCHU-S4 and SCHU-S5 strains of
P, tularengis. These studies do not establish whether or not there is a
difference in protection afforded against strains SCHU-S4 and SCHU-S5, but
do indicate 2 need for extending the observationsa to larger numbers,

Publications:

None.
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Attenuated Yenezualan equine encephalomyelitis virus (Natioral Drug Lot
4-93rd passage) was titrated in a group of volunteers. Forty-two subjects
were incculated subcutaneously with serial 10-fold dilutions of the virus,.»
It was determined that this lot of vaccine contained 3.46x104 human ID5p/0.5 ml,
Simuiteéneous titration in guinea pigs indicated that the preparation contained

7.4x10° GPIPID5/0.3 ml.

Of 18 individuals responding serologically to the

vaccine, virus was recovered from throat washings of 6, and the blood of one;
clinical reactions occurred in 12 of the 18,
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Section II: Determination of Human Median
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Description:

To evaluate experimental vaccines developed by various organizations,
contractors, or other governmental agencies.

Progress-

Forty-two volunteers who had no known immunological experience with
Venezuelan equine encephalomyelitis (VEE) were inoculated subcutaneously
with serial 10-fold dilutions o€ attenuated VEE virus (National Drug Lot
4-93rd passage). The men were divided into 7 dosage groups of 5 men each.
It had been anticipated that dosage of virus would range from 100,000 to
0.1 guinea plg intraperitoneal median infectious doses (GPIPID5O). On the
basis of simultaneous titration of the virus in guinea pigs, however,dosage
in volunteers ranged from 7,400 to 0,007 GPIPIDgg.

The men were observed employing double-blind technique for 12 days
following inoculation and all physical signs and symptoms recorded. Attempts
at virus isolation from plood and pharyngeal washings were made on 3 oc-
cagions in each man during the 12-day period. Three-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>